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Preface 


The 1992 Philips Semiconductors—Signetics PLD Data Handbook is loaded with 
information on new parts. Using the fastest technologies in the most innovative 
architectures, today’s system designer can pick from the largest selection of PLDs 
in the industry. Featured in 1992 are the ultra high-speed BiCMOS devices 
designed to be pin, function, and fusemap identical to existing industry standard 
parts. Some highlights of this handbook include the fastest silicon PLDs available 
(PHD16N8 and PHD48N22)—at 5 nanoseconds! These devices make ideal 
decoders to squeeze maximum performance from powerful microprocessors. If 
that’s not fast enough, check out the 10H20EV8 at 4.5 nanoseconds! 


Designers using DRAM, VRAM and graphics will appreciate the speed and power 
of the new line of sequencers which include the PLC415, PLC42VA12, PLUS405 
and PLUS105. These sequencers also make innovative bus and LAN controllers for 
emerging standard protocols. 


At last, the logical power of dual programmable arrays comes forth in the PLUS153 
and PLUS173 devices—at 10 nanosecond propagation delays. 


The PLC18V8Z is the only zero power 20-pin device which can replace 16V8’s! 


For maximum density in a truly compact system, the Programmable Macro Logic 
family now boasts three members—the PML2552, the PML2852, and the original 
PLHS501. The PML2552 is the PLD industry’s first dense device to implement 
SCAN test. 


To complement the devices, SLICE design software is offered through our Sales 
Offices (see Section 11) and SNAP software is available for high level support. 
Read about them under Product Support. 


Expanding customer service has been an ongoing effort. Our Applications staff 
continues to answer your technical questions on PLD designs and our free 
computer Bulletin Board, with 24-hour service, is at (800)451-6644. 
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DEFINITIONS 


Data Sheet 


prea Product Status Definition 
Identification 

This data sheet contains the design target or goal 
Objective Specification Formative or In Design specifications for product development. Specifications may 
change in any manner without notice. 


This data sheet contains preliminary data and 
supplementary data will be published at a later date. 

Preliminary Specification Preproduction Product | Signetics reserves the right to make changes at any time 
without notice in order to improve design and supply the best 
possible product. 


This data sheet contains Final Specifications. Signetics 

ee , reserves the right to make changes at any time without notice 

Prockict Speciiication Pull Prochicdon in order to improve design and supply the best possible 
product. 
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Section 3 ~ PAL@ Device Data Sheets 


Series 20 
PHD16N8-5 
PLC18V8Z35/1 
PLC18V8Z25/IA 
PLUS16R8D/-7 
PLQ16R8-5 


Series 24 
PLUS20R8D/-7 
PLQ20R8-5 


PL22V10-10/-12/-15, 
PL22V10115 


PLQ22V10-7 
10H20E V8/10020EV8 


Series 68 
PHD48N22-7 


Programmable High-Speed Decoder (16 x 16 x8); 5NS 2.0... ee ee teens 
Zero Standby Power CMOS Versatile PAL Devices 
Zero Standby Power CMOS Versatile PAL Devices .......... 0.0... ccc ce nee e tenet nes 
PAL Devices (Includes PLUS16L8D/-7, PLUS16R4D/-7, PLUS16R6D/-7, PLUS16R8D/-7); 7.5ns & 10ns_ ... 
PAL Devices (Includes PLQ16L8-5, PLQ16R4-5, PLQ16R6-5, PLQ16R8-5); 5ns 


Pe er a SS 


PAL Devices (Includes PLUS20L8D/-7, PLUS20R4D/-7, PLUS20R6D/-7, PLUS20R8D/-7); 7.5ns & 10ns ... 
PAL Devices (Includes PLQ20L8-5, PLQ20R4-5, PLQ20R6-5, PLQ20R8-5); 5ns 


Ce 


CMOS Programmable Electrically Erasable Logic Device 
BiCMOS Versatile PLD Device 
ECL Programmable Array Logic 


eS 
Dc 
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Programmable High-Speed Decoder (48 x 73 x 22); 7.5ns 


Ce 


Section 4 -— Programmable Logic Array Devices Data Sheets 


Series 20 
PLS153/A 
PLUS153B/D 
PLUS153-10 


Series 24 
PLS173 
PLUS173B/D 
PLUS173-10 


Series 28 
PLS100/101 


Programmable Logic Arrays (18 x 42 x 10); 40/30ns 
Programmable Logic Arrays (18 x 42 x 10); 15/12ns 
Programmable Logic Array (18 x 42 x 10); 10ns 


i 
eS 


Ce 


Programmable Logic Array (22 x 42 x 10); 30nS 2... cent een eens 
Programmable Logic Arrays (22 x 42 x 10); 15/12ns 
Programmable Logic Array (22 x 42 x 10); 10ns 


ee 


Programmable Logic Arrays (16 x 48 x 8); 50ns 


i 


Section 5 — Programmable Logic Sequencer Devices Data Sheets 


Series 20 
PLS155 
PLS157 
PLS159A 


Series 24 
PLS167/A 
PLS168/A 
PLS179 
PLC42VA12 | 
PLC42VA121 


Programmable Logic Sequencer (16 x 45 x 12); 14MHz 
Programmable Logic Sequencer (16 x 45 x 12); 14MHz 
Programmable Logic Sequencer (16 x 45 x 12); 18MHz 


Programmable Logic Sequencers (14 x 48 x 6); 14, 2OMHz 
Programmable Logic Sequencers (12 x 48 x 8); 14, 2OMHz 
Programmable Logic Sequencer (20 x 45 x 12); 18MHZ .......... 0... ce eee eee 
CMOS Programmable Multi-function PLD (42 x 105 x 12); 25MHz 
CMOS Programmable Multi-function PLD (42 x 105 x 12); 25MHz 


ee 
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PAL is a registered trademark of AMD. 
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Section 5 — Programmable Logic Sequencer Devices Data Sheets (continued) 


Series 28 
PLC415-16 CMOS Programmable Logic Sequencer (17 x 68 x 8); 16MHZ ... 2... ee ee ees 365 
PLS105/A Programmable Logic Sequencers (16 x 48 x 8); 14, 20OMHZ ... 0... ec ees 384 
PLUS105-45 Programmable Logic Sequencer (16 x 48 x 8); 45MHZ ... 0... eee eee eee 396 
PLUS105-55 Programmable Logic Sequencer (16 x 48 x 8); 55MHZ ... 1... ce eee easy Reet 409 
PLUS405-37/-45 Programmable Logic Sequencers (16 x 64 x 8); 37, 45MHZ .... 0... eee eee 422 
PLUS405-55 Programmable Logic Sequencer (16 x 64 x 8); 55MHz .................... Eee Eke Ra WOU cic hates .. 438 
Section 6 — Programmable Macro Logic Devices Data Sheets 
PLHS501 Programmable Macro: Logic. us. sc sack eine eens bods eta tage ee ewes Ree eKS see eee Fee a rapt 457 
PML2552 CMOS High Density Programmable Macro Logic . 6... ee ee eens 469 
PML2852 CMOS High Density Programmable Macro Logic ............ 00... cece eee eee eres ee 488 
Section 7 — Military Products 
Military Selection: GUI? Vu: neues Sve wet oe RAGS R A CS Gwe Ae ek US es Sa re oe ee ee eee Bae aeS 511 
Section 8 — Development Software 
SNAP WOO: ewer thee Route ete lca letk Pace staat Ree Ma testis Saaten tk da oy bole sudivsta aslo. deg nine pernarmale ek ... 515 
SEICE 1:08 asccure oy wr daa Sa Ged Cea ad cg ee Se eeeare a ies eee A Plea ee Laos Bae ate Owain eae vas 523 
Interpreting the SLICE Fusetanle® in 5.3 fed ein dh eR ek 4 6 See adda Sa eee eR Rae nS See Reet a hee dea eae 525 
Section 9 — Third-Party Programmer/Software Support 
PROGRAMMER 
Signétics: PLD Programming Guide: «ey ec os SoG 4 sites ud bee owe LIOR Se PET ASS his SEES FE ee OL eee genes 532 
PLD Programmer Reference Guide — Data I/O Corporation ......0.00. 000 cent e en eben eee eenees 534 
PLD Programmer Reference Guide — Stag Micro Systems, Inc... 2... eee en eee eens 536 
PLD: Programmen Vendors Contact Guide? .':..)4.2.00.4¢ no viene eed darks A ee TEE SE Pree Bn See oes owe Gee 537 
SOFTWARE 
Approved Software Support . .c2..460 a6 44d cede ea cada awe eee oa OG UN eee dee ats Sores henge Ose et feces ow eae ed wares 538 
Third-Party Software Support ..... 200.00... cee eee eee inl toa S Mi easide Deke ela eas oR Ue tle ed anetg Mees eames do 539 
ABE rien ge seg 8 Sag es AU kW eet get PE YS Ge ENA, BEER SE FERS Se eRe OSs ae pep ee ee Sees 539 
COPE Ge rare coer hereon en ted hbe ne. care ad thine ales Oa Boek oink ota deri aula e Ree Oe elee Ma ee een aie ees 541 
PLDOSIQNEN a2 tris oad Rated wee tend yee seen len aaa ties wasn De bean ee he wae 4 RU ee h ie eee 542 
PLD :Soltware Vendors Contact Guide: ec tise asieee 504 fede eed We LEG Pe wR AES s Sean We SaG yale SA eR SRS a Reed 543 
Section 10 — Package Outlines 
i, > © ane i one a Ra PO Ee 2 eh the as dieu ah Dx aGiela Oe op WER a each athe eagles Arash Shang easacni shana teil diye ata Gna 547 
20-Pin Plastic Leaded Chip Carrier (A) Package .... 2.00... een ne enn teen eben e eens 548 
28-Pin Plastic Leaded Chip Carrier (A) Package’ ¢ c.ca.ccos ceca wed wh sade eOPade a oo bw he tan heae at ewebara ear eda tees 549 
52-Pin Plastic Leaded Chip Carrier (A) Package ...... 1... ee ee ete ene e eee e eee n eee e en enes 550 
68-Pin Plastic Leaded Chip Carrier (A) Package .................0.. SMR EM EE ioe IS BE EEE ee cia bE OES 551 
84-Pin Plastic Leaded Chip Carrier (A) Package .... 0... nent n edb b eben eee ene nes 552 
HERMETIC CERDIP 4 22x ks Ye oi wisedeoue ahs nid pon eeneoess Daryl cada sme anem lay wilde maton ake eek a sensin 553 
20-Pin (300 mils wide) Ceramic Dual In-Line (F) Package .. 0.0.0.0... ccc eee ene e nett n eee ee eee 553 
20-Pin (300 mils wide) Ceramic Dual In-Line with Quartz Window (FA) Package ............... 00. e cece eee eee eens 553 
24-Pin (300 mils wide) Ceramic Dual In-Line (F) Package .. 0.0... een eee nets 554 
24-Pin (300 mils wide) Ceramic Dual In-Line with Quartz Window (FA) Package ............ 00.000 c cece eee eens ee re 554 
28-Pin (600 mils wide) Ceramic Dual In-Line (F) Package ........ 2... cc cece cece ee tenn tence e es 554 
28-Pin (600 mils wide) Ceramic Dual In-Line with Quartz Window (FA) Package .............. 0.0: e cece cece e eens Seon, 554 
CERQUAD S-BEND Ss o.c:8 6c. Gsect acscs Machen a ied oiadaehiel eden ected ete dalesce i nian a a bebe dia WO pats ean 555 
68-pin CerQuad J-Bend with Quartz Window (KA) Package ............ 0. cece eee e teen e es 555 
84-pin CerQuad J-Bend with Quartz Window (KA) Package ............. 000 e cece eee ete eens per 556 
PLASTIC DIP as ape each Ae oe tha oie ine daneus ee Pind Wt hee Roh eh hE Weal foe a GA ane ee ae URNS adhe Beale 557 
20-Pin (300 mils wide) Plastic Dual In-Line (N) Package ............ 0.00. ccc ce ete bene n eee eens 558 
24-Pin (300 mils wide) Plastic Dual In-Line (N) Package ...... Mana eh ig rite entas od Gna tag nee E Giana nee eae Mina cae ale ete eM 559 
28-pin (600 mils wide) Plastic Dual In-Line (N) Package ........... 0... e ccc eee teen eee eee '.. 560 
28-Pin (300 mils wide) Plastic Dual In-Line (N3) Package ..................2-. Nib Efe Dian Seed Bea cad eg Bedchenlg Nea ieaie Bled re tes 561 
Section 11 — Sales Offices, Representatives and Distributors ...........0..00 00002. ttt e eet eens 565 
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Alphanumeric index 


PHD16N8-5 Series 20 Programmable High-Speed Decoder (16 x 16 x 8); 5ns .......... 0.22. e eee eee eee Se Heated 41 
PHD48N22-7 Series68 Programmable High-Speed Decoder (48 x 73 x 22); 7.5MS 2... ee ee eens 182 
PLC18V8Z25/IA Series 20 Zero Standby Power CMOS Versatile PAL Devices; 25,40ns ................ Briel brea rah a ta tire a 62 
PLC18V8Z35/1 _ Series 20 Zero Standby Power CMOS Versatile PAL Devices; 35,40ns .............. 0.0.2. c eee ee eee 49 
PLC42VA12 Series 24. CMOS Programmable Multi-function PLD (42 x 105 x 12); 25MHz ...................0.. re 325 
PLC42VA12I Series 24. CMOS Programmable Multi-function PLD (42 x 105 x 12); 25MHzZ ................ eee yates 345 
PLC415-16 Series 28 | CMOS Programmable Logic Sequencer (17 x 68 x 8); 16MHZ .. 1.0... ec eee eee 365 
PLHS501 Programmanle Macro: Logic <<. iin4 cscs ei ae eee e dee et oie ee eae ek ee os Bad ees oS 457 
PLQ16R8-5 Series 20 PAL Devices (16L8, 16R4, 16R6 and 16R8);5ns ........ 0. ce eee eee 90 
PLQ20R8-5 Series 24 PAL Devices (20L8, 20R4, 20R6 and 20R8);5ns ................-..000.- tN aves Gait dad esti ay 121 
PLQ22V10-7 Series 24 BiCMOS Versatile PLD Device; 7.5ns ... 0.0.0.0... ce ee ees re .... 182 
PLS100/101 Series 28 Programmable Logic Arrays (16 x 48 x 8); 50ns .. 0... eee eee 243 
PLS105/A Series 28 Programmable Logic Sequencers (16 x 48 x 8); 14, 2OMHZ .. 1... ec eee eee 384 
PLS153/A Series 20 Programmable Logic Arrays (18 x 42 x 10); 40/30ns ...... Cea tis SRE cea Gelg oranen el Sonies Snake ca ak 195 
PLS155 Series 20 Programmable Logic Sequencer (16 x 45 x 12); 14MHZ ... 2... eee ee eee ee 208 
PLS157 Series 20. Programmable Logic Sequencer (16 x 45 x 12); 14MHz............... Rawedee re oe saweduees 265 
PLS159A Series 20 Programmable Logic Sequencer (16 x 45 x 12); 18MHZ... 2... ee eet 277 
-PLS167/A Series 24 Programmable Logic Sequencers (14 x 48 x 6); 14, 2OMHZ .. 1... ee eee eee 289 
PLS168/A Series 24 Programmable Logic Sequencers (12 x 48 x 8); 14, 2OMHZ .... 0... eee eens 301 
PLS173 Series 24 Programmable Logic Array (22 x 42 x 10); 30nS .. 6. cc cee tee een ens 219 
PLS179 Series 24 Programmable Logic Sequencer (20 x 45 x 12); 18MHZ 1... ce cee eee 313 
PLUS16R8D/-7 Series 20 PAL Devices (16L8, 16R4, 16R6 and 16R8);7.5ns& 10nNs .... ce ee 75 
PLUS20R8D/-7 Series 24 PAL Devices (20L8, 20R4, 20R6 and 20R8);7.5ns& 10NS 2.6... eee ee 106 
-PLUS105-45 Series 28 Programmable Logic Sequencer (16 x 48 x 8); 4SMHZ... 6... eee eee 396 
PLUS105-55 Series 28 Programmable Logic Sequencer (16 x 48 x 8); 55MHZ.. 0... 6. eee nes 409 
PLUS153B/D Series 20. Programmable Logic Arrays (18 x 42 x 10); 15/12ns 2... ee eee eee 203 
PLUS153-10 Series 20 Programmable Logic Array (18 x 42 x 10); 10ns .......... Rieger caret siete ep sek wiaeh pbc 211 
PLUS173B/D Series 24 Programmable Logic Arrays (22 x 42x 10); 15/12nS 211. eee eee 227 
PLUS173-10 Series 24 Programmable Logic Array (22 x 42 x 10); 10ns ................000. iy aacka ve na. ak eaten wee 235 
~PLUS405-37/-45 Series 28 Programmable Logic Sequencers (16 x 64 x 8); 37, 45MHZ .. 6... cee renee 422 
PLUS405-55 Series 28. Programmable Logic Sequencer (16 x 64 x 8); 5SMHZ.. 1... eee eee 438 
PL22V10-10/-12/-15, 
PL22V10115 Series 24 CMOS Programmable Electrically Erasable Logic Device ........... 20... cee ce eee 137 
PML2552 CMOS High Density Programmable Macro Logic ............ 00... nes 469 
PML2852 CMOS High Density Programmable Macro Logic .............. 0. cee eee ee eens 488 


10H20EV8/10020EV8 Series 24 ECL Programmable Array Logic; 4.5ns 
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Selection guide 


SIGNETICS 


PART NUMBER 
PAL DEVICES 


ARCHITECTURE 


(Inputs x Terms* 


x Outputs) 


TOTAL 
INPUTS 


(# Dedicated) 


PRODUCT 
TERMS PER 


OR GATE 


INTERNAL 


STATE 
REGISTERS OUTPUTS 
(# Dedicated) } C,1/0,R,RVO 


10H20EV8—4/ 


‘10020EV8-4 
PHD16N8-5 


PHD48N22-7 


PLUS16L8~7 
PLUS16R4-7 
PLUS16R6—7 
PLUS16R8-7 
PLUS16L8D 
PLUS16R4D 
PLUS16R6D 
PLUS16R8D 
PLUS20L8-—7 
PLUS20R4-7 
PLUS20R6-7 
PLUS20R8—7 
PLUS20L8D 
PLUS20R4D 
PLUS20R6D 
PLUS20R8D 
PLQ16L8-5 
PLQ16R4-5 
PLQ16R6-5 
PLQ16R8—-5 
PLQ20L8D 
PLQ20R4D 
PLQ20R6D 
PLQ20R8D 
PLQ22V10-7 


PL22V10-15/115 


PL22V10-12 


PL22V10-10 


PLC18V8Z35 
PLC18V8ZI 


PLC18V8Z25 
PLC18V8ZAI 


PLS100/101 
PLS153 
PLS153A 
PLUS153B 
PLUS153D 
PLUS153-—10 
PLS173 
PLUS173B 
PLUS173D 
PLUS173-10 
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20 x90 x8 
16x16x8 
48 x 73 x 22 
16 x64x8 
16 x64 x8 
16 x64 x8 
16 x64 x8 
16 x64x8 
16 x64 x8 
16 x64 x8 
16 x64x8 
20 x 64 x 8 
20 x 64 x 8 
20 x 64 x8 
20 x64 x8 
20 x 64 x8 
20 x 64 x8 
20 x 64 x 8 
20 x 64 x 8 
16 x64x8 
16 x64 x8 
16 x64 x8 
16 x64x8 
20 x 64 x 8 
20 x 64 x8 
20 x 64 x8 
20 x64 x8 
22 x 130 x 10 


22 x 130 x 10 


22 x 130 x 10 


22 x 130 x 10 


18x 74x8 


18x 74x8 


16 x48 x8 
18 x 42 x 10 
18 x 42 x 10 
18 x 42 x 10 
18 x 42 x 10 
18 x 42 x 10 
22 x 42 x 10 
22 x 42 x 10 
22 x 42 x 10 
22 x 42 x 10 


20 (12) 
16 (10) 
48 (36) 
16 (10) 
16 (8) 
16 (8) 
16 (8) 
16 (10) 
16 (8) 
16 (8) 
16 (8) 
20 (14) 
20 (12) 
20 (12) 
20 (12) 
20 (14) 
20 (12) 
20 (12) 
20 (12) 
16 (10) 
16 (8) 
16 (8) 
16 (8) 
20 (14) 
20 (12) 
20 (12) 
20 (12) 
22 (12) 


22 (12) 
22 (12) 
22 (12) 
18 (8) 


18 (8) 


16 (16) 
18 (8) 
18 (8) 
18 (8) 
18 (8) 
18 (8) 
22 (12) 
22 (12) 
22 (12) 
22 (12) 


Up to 48 
Up to 32 
Up to 32 
Up to 32 
Up to 32 
Up to 32 
Up to 32 
Up to 32 
Up to 32 
Up to 32 


8 varied 
2C,6 0 
100,120 
20,610 
4V0,4R 
2V0,6R 
8R 
20,60 
4V0,4R 
2 VO, 6R 
8R 
20,610 
4V0,4R 
2V0,6R 
8R 
2C,61/0 
40, 4R 
2V0,6R 
8R 
20,610 
4V0,4R 
2 V0, 6R 
8R 
20,6 1/0 
4 V0, 4R 
2V0,6R 
8R 
10 varied 


10 varied 
10 varied 
10 varied 
8 varied 


8 varied 


oe oo o0o0o0cdcllUcUdclwlUcm 


208MHz 


74MHz 
74MHz 
74MHz 


60MHz 
60MHz 
60MHz 


74MHz 
74MHz 
74MHz 


60MHz 
60MHz 
60MHz 


118MHz 
118MHz 
118MHz 


118MHz 
118MHz 
118MHz 
87MHz 


53MHz 


67MHz 


77MHz 


21MHz 


30MHz 


~250mA 
180mA 
420mA 
180mA 
180mA 
180mA 
180mA 
180mA 
180mA 
180mA 
180mA 
210mA 
210mA 
210mA 
210mA 
210mA 
210mA 
210mA 
210mA 
180mA 
180mA 
180mA 
180mA 
210mA 
210mA 
210mA 
210mA 
180mA 


110mA, 
0.5mA/MHz 


110mA, 
0.5mA/MHz 


110mA, 
0.5mA/MHz 

100A, 
1.5mA/MHz 

100A, 
1.5mA/MHz 
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SIGNETICS 


PART NUMBER 


PLS105 . 
PLS105A 
PLUS105-45 
PLUS105-55 
PLUS405-37 
PLUS405-45 
PLUS405-55 


ARCHITECTURE | PACKAGE 
(Inputs x Terms* 


x Outputs) 


22x 48x8 
22 x 48 x8 
22 x 48 x8 
22 x 48x8 
24 x64x8 
24 x64x8 
24x64 x8 


INTERNAL 


TOTAL PRODUCT STATE 


INPUTS | TERMSPER| REGISTERS 
(# Dedicated) | ORGATE | (# Dedicated) 


22 (16) 
22 (16) 
22 (16) 
22 (16) 
24 (16) 
24 (16) 
24 (16) 


OUTPUTS 
C, VO, R, RO 


8R 
8R 
8R 
8R 
8R 
8R 
8R 


PLS155 16x 45x 12 16 (4) 
PLS157 16 x 45 x 12 16 (4) 
PLS159A 16 x 45 x 12 16 (4) 


8 10,4R V0 
6 0,6 R VO 
410,8RVO 


PLS167 22 x 48 x6 22 (14) 6R 


PLS167A - 22 x 48 x6 22 (14) 6R 
PLS168 22 x 48 x8 22 (12) 8R 
PLS168A 22 x 48 x8 22 (12) 8R 
PLS179 20 x 45 x 12 20 (8) 410, 8RV0 
PLC42VA 12/1 42 x 105 x 12 42 (10) 10 v0 or vO, 


PLC415-—16 25 x 68 x 8 25 (17) 8R 


PML 


PLHS501 104 x 116 x 24 32 (24) Up to 136 16 C, 8 VO 
PML2552-35 205 x 210 x 24 53 (29) Up to 2586 36 (20) 8/0, 16R VO 


PML2552-50 205 x 210 x 24 53 (29) Up to 2584 36 (20) 80, 16R VO 


PML2852-35 205 x 210 x 40 53 (29) Up to 2584 36 (20) 16C, 8 VO, 


16R VO 


205 x 210 x 40 53(29) |Upto2586| 36 (20) 16C, 8 VO, 
16R UO 


OUTPUTS: NOTES: 

C = Combinatorial output fuax = 1/(tig + texo) Worst case 

R = Registered output * Includes control product terms 

I/O = Combinatorial I/O Product terms per NAND gate 

R I/O = Registered I/O PAL is a registered trademark of AMD. 
PML is a trademark of Signetics. 


PML2852-50 


PAL Device = Programmable Array Logic 
(Fixed OR Array)-Type 

PHD = Programmable High-Speed Decoder 

PLA = Programmable Logic Array 

PLS = Programmable Logic Sequencer 

PML = Programmable Macro Logic 


All packages refer to DIP configurations except PHD48N22, PML2552 and PML2852, which are offered in PLCC only. 
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PLD PRODUCTS 


Example: P(L) XX YYYY Q P 
; heres Package Code 


F = 20-, 24-, 28-Pin Ceramic Dual In-Line 

N = 20-, 24-, 28-Pin Plastic Dual In-Line 

A= 20-, 28-, 52-, 68-lead Plastic Leaded Chip Carrier (PLCC) 
FA = 20-, 24-Pin Ceramic Dual In-Line with Quartz Window 
KA = CerQuad (window) 


Performance indicator 
Z = Zero standby power devices 
blank, A, B, D, -35, -7, etc. = propagation delay (ns) 
-37, -45, -55, etc. = operating frequency (MHz) 


Basic Part Number 
(3 to 8 characters) 
(e.g., 100, 105, 153, 168, 173, 18P8, 42VA12) 


Process/Architecture Indicator 

Ss Bipolar Junction Isolated Schottky ~ Nichrome fuses 
CMOS — EPROM cells 
High Speed Bipolar Oxide Isolated — Vertical Fuse 
High Speed Bipolar Oxide Isolated — Lateral Fuse 
High Speed Decoder 
Macro Logic 
(Blank for ECL devices) 


Indicator for Signetics Programmable Logic 
(Can be either P, PL, or blank) 
(P for PHD and PML and blank for ECL devices) 


Operating temperature range = 0 to +70°C 
EXCEPT: PLC18V8Zl= -40 to +85°C 
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Section 2 
Introduction 


What is Programmable Logic? .... 


Quality and Reliability ........... 
PLD Product Quality and Reliability 


Cr 


CD 
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Programmable logic | Introduction 


WHAT IS PROGRAMMABLE architecture allowed the custom Philips Semiconductors—Signetics PLDs. 
LOGIC? implementations-of Sum of Product logic Parts for every need are available in nearly 
In 1975, Signetics Corporation developed a equations. Second, the three-level fusing every architecture and across at least three 
new product family by combining its expertise allows complete flexibility in the use of this technologies. The PLUS and PLHS prefixes 
in semi-custom gate array products and device family. All logic interconnections from describe bipolar parts, the PLC prefix 
fuse-link Programmable Read Only Memories input to output are programmable. describes EPLD (CMOS) parts and the PLQ 
(PROMs). Out of this marriage came Figure 1 shows the architecture of a high Ail te the be is pane relsiciic 
Signetics Programmable Logic Family. The performance sequencer combining a PLA ‘ : es peo piieies . 

PLS 100 Field-Programmable Logic Array architecture with JK flip-flops. The Selection ereman a ite BIA which 
(FPLA) was the first member of this family. Guide shown on pages 4 and 5 of this data peta ie id oN eee wae 
The FPLA was an important industry first in handbook shows the current spectrum of ete ane : 


two ways. First, the AND/OR/INVERT 


“COMPLEMENT” 
ARRAY 


STATE 


ae REGISTER 


48 AND GATES 


|, P, C, N, F and P/E are user-programmable connections. 


NOTES: 


Figure 1. High Speed Sequencer 
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Figure 2. PLUS153 20-Pin Functional Diagram 
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PLD LOGIC SYNTHESIS 

No intermediate step is required to implement 
Boolean Logic Equations with PLDs. Each 
term in each equation simply becomes a 
direct entry into the Logic Program Table. 
The following example illustrates this 
straightforward concept: 


Xp = AB+CD+ BD 
x; = AB +CD+EFG 


POLARITY 


TU Ifa 


Xo = Po + P, + Po 
X, = Pg + Py + Py 


WW 
mw 
q= 
4 
ez 
> 


Figure 3. Field Programmable Logic Array 


Xy 


Xp = AB+TD+ BD %, = AB+CD+EFG 


Figure 4. Equivalent Fixed Logic Diagram 
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In the previous example, the two Boolean Step 1 
Logic equations were broken into Product Select which input pins Ip — I15 will 
terms. Each P-term was then programmed correspond to the input variables. in this 
into the P-term section of the PLA Program case A — Gare the input variable names. Ig 


Table. This was accomplished in the following through lp were selected to accept inputs 
manner: A- Grespectively. 


POLARITY 


ie ss te BT 


waa PAGE] EEEEE even 


Figure 5. 
Step 2 This P-term translates to the Program Table This term is defined by selecting C =I4=L 
Transfer the Boolean Terms to the PLA by selecting A = lg = H and B = |, = H and and D = I3 = H, and entering the data into the 
Program Table. This is done simply by entering the information in the appropriate Program Table. Continue this operation until 
defining each term and entering it on the column. all P-terms are entered into the Program 
Program Table. P,=CD Table. 
e.g.,P> =AB - 


POLARITY 


x ee ae 


VARIABLE 


Figure 6. 
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Step 3 

Select which output pins correspond to 
each output function. In this case Fo = 
Pin 18 = Xo, and Fy = Pin 17 = X. 


POLARITY 


I-C IATL 


waeleabfeee|  bEELb| een 


Figure 7. 
Step 4 this equation. Therefore, it is only necessary be expressed as X; by placing an (L) in the 
Select the Output Active Level desired for to place an (H) in the Active Level box above = Active Level box above Output Function 1, 
each Output Function. For Xo the active Output Function 0, (Fo). Conversely, X; can (F;). 


level is high for a positive.logic expression of 


POLARITY 


a a oe 


T 
E 
R 
M 
| oO 
| 4 
ie 
ae 
| a | 
| 44 | 
| 45 | 
| 46 _| 
Wd 
Ww 
es 
xa 
cz 
> 


Figure 8. 
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Introduction 


Step 5 

Select the P-Terms you wish to make 
active for each Output Function. In this 
case Xo = Pg + P; + Po, so an A has been 
placed in the intersection box for Pp and Xo, 
P, and Xp and Po and Xo. 


Terms which are not active for a given output 
are made inactive by placing a (e) in the box 

under that P-term. Leave all unused P-terms 
unprogrammed. 


Continue this operation until all outputs have 
been defined in the Program Table. 


Xp = Po + P; + Po 
X, = P3+P, +P, 


T. 
E 
R 
M 
| oo | 
a 
| 4 | 
| 44 
| 45 | 
| 46 | 
ar 
w 
os 
xs 
cz 
> 
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Figure 9. 


14 


Step 6 , 
Enter the data into a Signetics approved 
programmer. The input format is identical to 
the Signetics Program Table. You specify the 
P-terms, Output Active Level, and which 
P-terms are active for each output exactly the 
way it appears on the Program Table. 


POLARITY 


TUT -I4rs 
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PLD LOGIC SYNTHESIS PLA with 8 inputs, 10 I/O pins, and 42 the direction of pins Bp — Bg. The D-terms 
(Continued) | product terms. The user can configure the control the 3-State buffers found.on the 

device by defining the direction of the I/O outputs of the Ex-OR gates. Figures 10 and 


When fewer inputs and outputs are required 
in a logic design and low cost is most 
important, the Signetics 20-pin PLD should 
be considered first choice. The PLUS153 is a 


pins. This is easily accomplished by using the 11 show how the D-term configures each Bx 
direction control terms Dp —Dg to establish ~—_spin. 


S 
Ss 


3-STATE 
BUFFER 


O Bg 
| 
| 
| 
> 


O 
i] 
Q 


Figure 10. PLUS153 Functional Diagram 


OUTPUT 
©) Bg 
3-STATE 3-STATE 


BUFFER ACTIVE = BUFFER INACTIVE 
(OPEN) 


a. Dg Active Makes By Appear as an Output b. Dg Inactive Makes By Appear as an Input 
with Feedback 


Figure 11. 
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To control each D-term, it is necessary to ways. A HIGH can be forced on all control Programming the fuse permanently places a 
understand that each control gate is a gate input nodes, or fuses can be HIGH (1) on the input to the control gate. The 
36-input AND gate. To make the 3-State programmed. When a fuse is programmed, input pin no longer has any effect on that 
buffer active (B, pin an output), the output of that control gate input node is internally state. 
the control gate must be at logic HIGH (1). pulled up to HIGH (1). See Figure 12 and 
This can be accomplished in one of two Figure 13. 


FUSE INTACT 


1 = HIGH (1) 1 = LOW (0) 


CONTROL GATE CONTROL GATE 


TO AND L TO AND 
ARRAY ARRAY 


By = OUTPUT OR- By = INPUT 
3-STATE 3-STATE 
BUFFER BUFFER 


Figure 12. Input Effect on Control Gates (Fuse Intact) 


FUSE PROGRAMMED 


CONTROL GATE 


TO AND 


By = OUTPUT 
3-STATE 
BUFFER 


Figure 13. Effect on Control Gate if Fuse is Programmed 
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DEDICATING By PIN DIRECTION Write-Only-Memory (WOM), most Gates are HIGH (1), the output is HIGH (1) 
Since each input to the D-terms is true and applications require at least one output. and the 3-State buffers for Bp and B, are 
complement buffered (see Figure 11), when Clearly, the first task is to determine which of active. This permanently enables Bo and By 
the device is shipped with all fuses intact, all the By pins are to be outputs. The next step as outputs. Note that even though By and B,; 
control gates have half of the 36 input lines at _is to condition the control gate to make the are outputs, the output data is available to the 
logic low (0). The result of this is all Control 3-State buffer for those gates active. To AND array via the internal feedback (see 
Gate outputs are low (0) and the 3-State dedicate By and B; as outputs, itis necessary Figure 11a). 
buffers are inactive. This results in all Bx pins _ 0 program all fuses to the inputs to Control To program this data, the PLUS153 Program 
being in the input condition. the resultant Gates Dp and Dj. This internally pulls all Table is used as shown in Figure 14 
device is, therefore, an 18-input, 0-output inputs to those gates to HIGH (1) 

FPLA. While useful as a bit bucket or permanently. since all inputs to the Control 


AND 


PROGRAM TABLE ENTRIES 


fo. 
LH 
Gq 
DON'T caRE | —| 


INACTIVE 


AND 


Fede edi Err Kel Ec i ele Esl 
AAA 


Figure 14. Dedicating By and B, as Outputs and Bz Through Bg as Inputs 


Thus a background of entries corresponding 
to states of virgin links exists in the table, 


shown BLANK for clarity. 
2. Unused | and B bits in the AND array are 


normally programmed Don't Care (—). 
3. Unused product terms can be left blank. 


VARIABLE o 
NAME = 


1. The FPLA is shipped with all links intact. 


NOTES: 
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By placing a (—) Don’t Care in each input 
box you are specifying that the True and 
Complement fuses are programmed on each 
Control Gate, thus permanently dedicating 
the Bo and B; pins as outputs. By placing a 
(0) in all input boxes for Bo - Bg, you are 
specifying that both True and Complement 
fuses are intact. This causes a low (0) to be 
forced on half of the Control Gate inputs, 
guaranteeing the output of the Control Gate 
will be low (0). When the Control Gate 
outputs are low (0), the 3-State buffer is 


A | 
INACTIVE| ® 


ACTIVE 


PROGRAM TABLE ENTRIES 


DON'T CARE | — 


INACTIVE 


Thus a background of entries corresponding 
to states of virgin links exists in the table, 


1. The FPLA is shipped with all links intact. 
shown BLANK for clarity. 
normally programmed Don't Care (—). 


2. Unused | and B bits in the AND array are 
3. Unused product terms can be left blank. 


VARIABLE 9 
NAME be ee 


NOTES: 
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en (5 ial li 
ss a 


inactive and the Bo - Bg pins are enabled as 
inputs. All By pin directions can be controlled 
in this manner. 


ACTIVE DIRECTION CONTROL 
Sometimes it is necessary to be able to 
actively change the direction of the By pins 
without permanently dedicating them. Some 
applications which require this include 3-State 
bus enable, multi-function decoding, etc. This 
can easily be done by programming the 


Figure 15. Active Control of By — B, Using I, Active Low (L) 


Introduction 


Control Gate to respond to one or more input 
pins. It is only necessary to select which lx 
and By pins will control the pin directions and 
the active level HIGH (H) or LOW (L) that will 
be used. The PLUS153 Program Table in 
Figure 15 shows the method of controlling 

Bo — Bg with I7. When I7 is LOW (L), pins — 

— Bg are outputs; when 7 is HIGH (H), 
pins Bo — Bg are inputs. Note that by 
programming all other ly and By pins as 
DON’T CARE (—), they are permanently 
disconnected from control of By pin direction. 


a eee 
AOE AES EE 
anne aes 
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The previous 28-pin logic synthesis example appear on Bg and B7. B, through Bs are not parts. However, to satisfy the needs of 
could be done on the PLUS153 as follows: used and therefore left unprogrammed. Programmable Macro Logic users, Signetics 


developed an additional software package 
called SNAP. SNAP expands upon the 
capabilities of AMAZE in its approach to 
design implementation, more closely 
resembling a gate array methodology. Both of 
these products are described in more depth 
at a later point in this handbook. 


Xp = AB + CD + BD Signetics offers two packages for 
user-friendly design assistance. The first 
X= AB +CD + EFG | package, AMAZE, has evolved over 10 years 
Note that Bp was used as a CHANGE input. to support Signetics programmable products 
When Bo is HIGH (H) the outputs appear on with logic equation, state equation, and 
Bg and Bg. When Bo is LOW (L), the outputs schematic entry. AMAZE can compile 
designs quite well for Signetics lower density 


pacTIVE | A 
[inactive] ° | 


PROGRAM TABLE ENTRIES 


DON’T CARE 


Tractive Jo 
io 
ae 


& 


1. The FPLA is shipped with all links intact. 
Thus a background of entries corresponding 
to states of virgin links exists in the table, 
shown BLANK for clarity. 

2. Unused | and B bits in the AND array are 
normally programmed Don't Care (—). 

3. Unused product terms can be left blank. 


VARIABLE re) 
NAME * 


NOTES: 
MOZ>=IO 


ET 
ran Wl 


Figure 16. PLUS153 Example 
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SEQUENTIAL LOGIC 
CONSIDERATIONS 

The PLUS405, PLUS105 and PLC42VA12 
represent significant increases in complexity 
when compared to the combinatorial logic 
devices previously discussed. By combining 
the AND/OR combinatorial logic with clock 
output flip-flops and appropriate feedback, 
Signetics has created the first family of totally 
flexible sequential logic machines. 


The PLUS405 (Programmable Logic 
Sequencer) is an example of a high-order 
machine whose. applications are many. 
Application areas for this device include 
VRAM, DRAM, Bus and LAN control. The — 
PLUS405 is fully capable of performing fast 
sequential operations in relatively high-speed 


STATE 
REGISTER 


processor systems. By placing repetitive 
sequential operations on the PLUS405, 
processor overhead is reduced. 


The following pages summarize the 
PLUS405 architecture and features. 


Sequencer Architecture 

The PLUS405 Logic Sequencer is a 
programmable state machine, in which the 
output is a function of the present state and 
the present input. - 


With the PLUS405, a user can program any 
logic sequence expressed as a series of 
jumps between stable states, triggered by a 
valid input condition (I) at clock time (t). All 
stable states are stored in the State Register. 
The logic output of the machine is also 


COMBIN. 


LOGIC V 
OUTPUT 
REGISTER 


PR 


programmable, and is stored in the Output 
Register. The PLUS105 is a subset of the 
PLUS405. 


Clocked Sequence 

A synchronous logic sequence can be 
represented as a group of circles 
interconnected with arrows. The circles 
represent stable states, labeled with an 
arbitrary numerical code (binary, hex, etc.) 
corresponding to discrete states of a suitable 
register. The arrows represent state 
transitions, labeled with symbols denoting the 
jump condition and the required change in 
output. The number of states in the sequence 
depends on the length and complexity of the 
desired algorithm. 


0) = INPUT 


® = PRESENT STATE 


@) = NEXT STATE 


®© = NEXT OUTPUT 


Figure 17. Basic Architecture of PLS105 FPLS. I, P, N, and F are Multi-line 
Paths Denoting Groups of Binary Variables Programmed by the User. 


1; 3 are jump conditions which must be satisfied before any 
transitions take place. 
F, are changes in output triggered by I,,, and stored in the 
output register. 
State transitions a > b and c > d involve no output change. 


Figure 18. Typical State Diagram. 
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The arrow connecting the two states gives rise to a transition 
term T,. | is the jump condition. 


Figure 19. Typical State Transition 
Between Any Two States of Figure 18. 
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State Jumps 

The state from which a jump originates is 
referred to as the Present state (P), and the 
state to which a jump terminates is defined as 
the Next state (N). A state jump always 
causes a change in state, but may or may not 
cause a change in machine output (F). 


State jumps can occur only via “transition 
terms” Tn. These are logical AND functions of 
the clock (t), the Present state (P), anda 
valid input (I). Since the clock is actually 
applied to the State Register, T,, = leP. When 
Tn is “true”, a control signal is generated and 
used at clock time (t) to force the contents of 
the State Register from (P) to (N), and to 
change the contents of the Output Register (if 
necessary). The simple state jump in 

Figure 20, involving 2 inputs, 1 state bit, and 
1 output bit, illustrates the equivalence of 
discrete and programmable logic 
implementations. 


T= ABG 


Figure 20. Typical State Jump From State (0) to State (1), 
if Inputs A = B = “1”. The Jump Also Forces F = “1”, as Required. 


Sequencer Logic Structure 
The Sequencer consists of programmable @—__ LOGIC TERMS T. ——_ 
AND and OR gate arrays which control the 
Set and Reset inputs of a State Register, as 
well as monitor its output via an internal 
feedback path. The arrays also control an 
independent Output Register, added to store 
output commands generated during state 
transitions, and to hold the output constant 
during state sequences involving no output 
changes. If desired, any number of bits of the 
Output Register can be used to extend the 
width of the State Register, via external 
feedback. 


Cop 


47 


& 


6 


Figure 21. Simplified Logic Diagram of PLUS105 
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PAIR 


Figure 22. Typical AND Gate Coupled to (1) and (P) Inputs. 
If at Least One Link Pair Remains Intact, T,, is Unconditionally Forced Low. 


Lb 


Figure 23. Choice of Input Polarity Coupling to a Typical 
AND Gate. With Both Links Open, (I) is Logically Don’t Care. 


Input Buffers 

16 external inputs (I,,) and 6 internal inputs 
(Ps), fed back from the State Register, are 
combined in the AND array through two sets 
of True/Complement (T/C) buffers. There are 
a total of 22 T/C buffers, all connected to 
multi-input AND gates via fusible links which 
are initially intact. 


Selective fusing of these links allows coupling 
either True, Complement, or Don't Care 
values of (Im) and (Ps). 


“AND” Array 

State jumps and output changes are triggered 
at clock time by valid transition terms Tp. 
These are logical AND functions of the 
present state (P) and the present input (I). 


Figure 24. Typical Transition Terms The PLUS105 AND Array contains a total of 
Involving Arbitrary Inputs and State 48 AND gates. Each gate has 45 inputs — 
Variables. All Remaining Gate Inputs 44 connected to 22 T/C input buffers, and 

Are Programmed Don’t Care. Note 1 dedicated to the Complement Array. The 
That T, Output is State Independent. outputs of all AND gates are propagated 
through the OR Array, and used at clock time 
(t) to force the contents of the State Register 
from (P) to (N). they are also used to control 
the Output Register, so that the FPLS 8-bit 
output F, is a function of the inputs and the 
present state. The PLUS405 contains 64 
AND gates in its’ AND array. 
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“OR” Array 

In general, a clocked sequence will consist of 
several stable states and transitions, as 
determined by the complexity of the desired 
algorithm. All state and output changes in the 
state diagram imply changes in the contents 
of State and Output Registers. 


Thus, each flip-flop in both registers may 
need to be conditionally set or reset several 
times with T, commands. This is 
accomplished by selectively ORing through a 
programmable OR Array all AND gate REGISTER 
outputs T, necessary to activate the proper 
flip-flop control inputs. 


The PLUS105 OR Array consists of 14 pairs 
of OR gates, controlling the S/R inputs of 14 
State and Output Register stages, and a 
single NOR gate for the Complement Array. 
All gates have 48 inputs for connecting to all 
48 AND gates. The PLUS405 uses 64 input 
gates. 


The PLUS405 contains 16 pairs of OR gates 
controlling state transitions and output stages 
and two additional NOR gates for dual 


complement arrays. Figure 25. Typical OR Array Gating of Transition Terms T, 23 Controlling 


Arbitrary State and Output Register Stages. 


AND ARRAY 


OR ARRAY 


Figure 26. The COMPLEMENT Array is Logically Constructed from a 
Multiple Input Programmable NOR Gate. All AND Terms Coupled to the 
OR Gate are Complemented at the Inverter Output, and Can be Fed Back 
as Inputs to the AND Array. 
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© 
© 
SS & 


TRANSITION TERMS 


COMPLEMENT ARRAY 


T1 = PoX 
DIRECT 


t2=Foy T3 = Po(PoX + PoY) 


Tg = 0 + Po(X + Y) 


COMPLEMENT { T3 = Po(X - ¥) = Po(Ty + To) FO 
of ot - Tg = Po(X- Y) 


a. Typical State Sequence b. Complement Jump 


Figure 27. | 


a. X and Y Specify the Conditional Logic for Direct Jump Transition Terms T; 
and T2. The Complement Jump Term T3 is True Only When Both T, and T2 are 
False. 


b. Note that the Complementary Logic Expression for T3, T; + T2, Corresponds 
Exactly to the Logic Structure of the Complement Array. 


Complement Array 

The COMPLEMENT Array provides an 
asynchronous feedback path from the OR 
Array back to the AND Array. 


This structure enables the sequencer to 
perform both direct and complement 
sequential state jumps with a minimum of 
transition (AND) terms, 


Typically direct jumps, such as T; and Tain © 
Figure 27 require only a single AND gate 
each. 


But a complement jump such as T3 generally 
requires many AND gates if implemented as 
a direct jump. However, by using the 
Complement Array, the logic requirements for 
this type of jump can be handled with just one 
more gate from the AND Array. Because it 
can be split into separate machines 

(2 clocks), the PLUS405 incorporates two 
COMPLEMENT Arrays. 


April 1992 


As indicated in Figure 28, the single 
Complement Array gate may be used for 
many states of the state diagram. This 
happens because all transition terms linked to 
the OR gate include the present state as a 
part of their conditional logic. In any particular 
state, only those transition terms which are a 
function of that state are enabled; all other 
terms coupled to different states are disabled 
and do not influence the output of the 


Complement Array. As a general rule of 


thumb, the Complement Array can be used 
as many times as there are states. 


24 


Philips Semiconductors—Signetics Programmable Logic Devices 


Programmable logic 3 Introduction 


Ta1 ='oly Po 
Ta2= Io Po 
Teg = (Tay + Ta2) Po = (lo Fy +12) Po 


Taa= To P3 
Tae =!0 11 Po 
Tes = (Ta4 + Tag) P3 = (Ip by +12) Pg 


Ten = COMPLEMENT STATE TRANSITION TERM 
Tdn = DIRECT STATE TRANSITION TERM 
P, = PRESENT STATE 


b. Logic Definition 


TT 
IUYL 


Ta1 Td2 Te¢3 Tae Td Tes ’ Tat Ta2 Tes Tae Tae Tes 
_ 8 TRANSITION TERMS USED 6 TRANSITION TERMS USED 


c. State Logic without Using the Complement Array d. State Logic Using the Complement Array 


Figure 28. Logic Reduction with the Complement Array. The Logic State Diagram in (a) Includes Complement Jumps Tc3 and 
Tcs Defined in (b). When Using the Complement Array, a Savings of 2 Transition Terms Results, as Shown in (c) and (d). 


Additional features are available depending 
on a specific part. In particular, the 
PLC42VA12 has everything mentioned here, 
and more. More details on PLAs, PAL 
devices and Sequencers can be found in the 
application section later in the manual. 


Programmable Macro Logic, Signetics very 
high density logic is fully described in detail in 
its own section. 
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Quality and reliability 


SUMMARY 


The Signetics Company was founded in 
September, 1961 by a group of scientists and 
engineers who were among the pioneers in 
the development of integrated circuits. 
Signetics, acquired by Philips in 1975, was 
the first company in the world to be 
established for the sole purpose of designing, 
developing, manufacturing, and marketing 
ICs. Philips celebrated its 100th anniversary 
in 1991. On 1st January 1991, the Integrated 
Circuits and Discrete Semiconductor 
Business Units, formerly part of Philips 
Components, were merged into an 
autonomous product division (PD)—Philips 
Semiconductors as part of a major 
reorganization to focus Philips’ 
semiconductor activities and to strengthen its 
standing in selected strategic markets. At the 
heart of this reorganization comes quality. 


The Signetics approach to Quality 
Management has evolved with each 
evolution building upon the foundation laid. 
The emphasis in the 1960s and 1970s was 
quality by policy, documentation, and 
inspection. The emphasis in the 1980s was 
quality by employee involvement and process 
control. In the 1990s quality is achieved by 
emphasizing process and product Design For 
Manufacturability (DFM) and to customer 
requirements. (See Figure 1.) To ensure 
transformation, a formal Design Development 
Process (DDP) exists which requires the 
utilization of Cross-Functional Teams (CFTs) 
to assure that the customer Dimensions of 
Performance are met. 


The modern Signetics Quality Journey (see 
Table 1) began in 1980. During the ensuing 
decade it achieved a 90-fold improvement in 
product electrical quality, 30-fold 


Quality by policy, documentation, inspection 


Quality by employee involvement, information 
systems, barrier removal, process control 


Quality by process and product design for 
manufacturability and to customer requirements 


1975 


1980 


improvement in product visual and 
mechanical quality and a 20-fold 
improvement in product reliability. The great 
reduction in defect levels and a continued 
commitment to our customers made possible 
the following industry firsts: 


e Ship-To-Stock Program 

e Self-Qualification Program 

e Zero Defects Warranty Policy 

The Journey never ends—Signetics 
continues to strive for EXCELLENCE in all 
aspects of our business through company 


focus and initiatives aimed at achieving three 
performance level goals in 1994: 


e Industry Leader in Customer Satisfaction 


e With Products of Six Sigma Quality and 
Reliability 


e And World Class Responsiveness to 
Customer Needs and Wants. 


1985 1990 1995 


Figure 1. Evolution of Signetics Quality Management 
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SIGNETICS’ QUALITY 


IMPROVEMENT PROCESS | 
In 1979, Signetics recognized that quality 
was becoming a major competitive issue, not 
only in the semiconductor business but also 
in other industries. Increases in the volume of 
products imported from the Far East (steel, 
automobiles, and consumer products) sent 
strong signals that new competitive forces 
were at work. 


An investigation into a variety of quality 
programs was started. The company realized 
that quality improvement would require a 
contribution from all employees. Management 
commitment and participation, however, was 
recognized as the primary prerequisite for this 
program to work successfully. Resources 
required for the resolution of defects were 
under management control. 


The “Signetics Quality Journey” from 1980 
into the decade of the ‘90s is summarized in 
Table 1. In 1980 a program was developed 
which focused on quality management. 
Rearranging previous quality control 
philosophies, we developed a decentralized, 
distributed quality organization and 
simultaneously installed a Quality 
Improvement Process (QIP) based on the 
14-Step improvement program advocated by 
Phil Crosby. The process was formally begun 
company-wide in 1981. Since then 
substantial progress has been made in every 
aspect of our operations. From incoming raw 
material conformance to improvements in 
clerical errors — every department and 
individual is involved and striving for Zero 
Defects. Zero Accept sampling plans and 
Zero Defects warranties are evidence of our 
ongoing commitment to and progress in 
quality. The Crosby 14 steps evolved into 9 
elements as the foundation of the QIP. The 
QIP continued to expand, including more 
processes and disciplines as Signetics’ vision 
cleared. - 


Today the Total Quality Management (TQM) 
model is applied to the QIP, as illustrated in 
Figure 2, having a far-reaching impact on all 
aspects of our business. The customer is at 
the start (driver) and end (goal) of the TQM 
model which requires a driver, system, 
measures and goal. The customer is the 
primary driver. Leadership is provided by 
Quality Improvement Teams (QITs) which 
ensure that customer interaction occurs and 
that the organization supports the mission, Ql 
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policy and customer direction. TQM requires 
a clear set of management principles which 
mandate systems and measurements 
consistent with stated objectives. TQM 
endorses and utilizes the seven major 
examination categories of the U.S.A. Malcolm 
Baldrige National Quality Award. Together, 
the examination categories address all major 
components of an integrated, prevention 
based system built around continuous 
improvement and customer satisfaction. 


ZERO DEFECTS WARRANTY 

In the ’80s, American industry demanded 
increased product quality of its 1C suppliers in 
order to meet growing international 
competitive pressure. As a result of this 
quality focus, it became clear that what once 
was thought to be unattainable— Zero 
Defects— is, in fact, achievable. 


Signetics offers a Zero Defects Warranty 
which states that we will take back an entire 
lot if a single defective part is found. This 
precedent setting warranty implemented in 
1985 effectively ended the IC industry's “war 
of the AQLs” (Acceptable Quality Levels). 
The ongoing efforts of IC suppliers to reduce 
PPM (Parts Per Million) defect levels is now a 
competitive customer service measure. This 
intense commitment to quality provides an 
advantage to today’s electronics OEM. That 
advantage can be summed up in four words: 
Reduced Cost of Ownership. 


As IC customers look beyond purchase price 
to the total cost of doing business with a 
supplier, it is apparent that a 
quality-conscious supplier represents a viable 
cost reduction resource. Consistent 
high-quality circuits reduce requirements for 
expensive test equipment and personnel, and 
allow for smaller inventories, less rework, and 
fewer field failures. Programs such as Self 
Qualification and Ship-To-Stock implemented 
in 1984 and Cycle Time Management (CTM) 
implemented in 1989 help reduce cost of 
ownership. 


STATISTICAL PROCESS 
CONTROL (SPC) 


Although application of statistics in our 
process development and manufacturing 
activities goes back to the early 1970's, the 
corporate-wide emphasis on Statistical 


Process Control (SPC) did not come until. 
mid-1984. 


A natural evolution of our quality 
improvement process made introduction of 
SPC and other related programs an inevitable 
event. SPC was, therefore, introduced under 
the QIP umbrella. The Crosby definition of 
Quality, “Conformance To Requirements 
(Specification)” was expanded to include 
“Conformance To Specified Targets”. The 
measurement definition of “continuous 
improvement’ was expanded to include 
“Continuous Reduction of Variability Around 
the Specified Target”. 


The objective of SPC is to institutionalize a 
systematic and scientific approach to 
business and manufacturing activities. This 
approach utilizes sound statistical theory. 
Managers are expected to be able to turn 
data into information and to make decisions 
solely on data (not perception). : 


The most critical and challenging aspect of 
implementing SPC is the establishment of a 
discipline within the operating areas so that 
decision making is fundamentally based on 
verifiable data and so that actions are | 
documented. The other is the realization that 
Statistical tools merely point out the problems 
but are not themselves solutions. The burden 
of action on the process is still on the 
shoulders of the person that implemented it. 
In order to implement SPC effectively, three 
steps are continually followed: 


1. Documenting and understanding the 
process and using process flow charts 
and component diagrams. 


2. Establishing data collection systems and 
using SPC tools to identify process prob- 
lems and opportunities for improvement. 


3. Acting on the process and establishing 
guidelines to monitor and maintain 
process control. 


Repeating steps 1-3 again. 


These fundamentals are the basis of 
establishing specifications and operating 
philosophy with respect to SPC. The 
management of SPC, be it policy, function 
deployment or ongoing continuous 
improvement is accomplished in a systematic 
way by following the four step Plan, Do, 
Check, Act - PDCA/Shewart/Deming Cycles 
of Learning. 
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Table 1. Signetics Quality Journey 
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Figure 2. Total Quality Management Model 


CYCLE TIME MANAGEMENT Design-Development focuses on getting the barrier identification at the root cause level 
(CTM) right products and processes to production and removal of those barriers (e.g. 

Cycle Time Management efforts are focused within the market window interval. eliminating causes of rejects thereby 

on Design-Development Process and Make-Market concentrates on getting product eliminating rework or product sort). Also, the 
Make-Market Process Responsiveness. Both into the customers hands within Customer acceleration of results from reducing cycle 
are aimed at reducing the cycle iine-ot (aks Lead Time Requirements. Cycle time time increases the frequency of events 

from current performance (Baseline) to management directly links to quality thereby increasing the cycles of learning 
entitlement (Using Existing Resources) then improvement in its requirement for task required for quality improvement. 


to improved entitlement and theoretical limit. 
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DESIGN FOR 
MANUFACTURABILITY (DFM) 


AND SIX SIGMA 


A by-product of CTM application to the 
Design-Development Process (DDP) is the 
Signetics proprietary DDP manual introduced 
in January 1991 followed by Cross Functional 
Team (CFT) training. The DDP applies to all 
product, package and technology groups in 
Signetics. CFT’s are used to drive the project 
from planning phase until all objectives of the 
new product contract are met. The 
requirements for SPC, DFM and meeting Six 
Sigma objectives are contained in the DDP 
manual. The CFTs are responsible for 
assuring that DFM occurs with an objective of 
Six Sigma. A Six Sigma design means that 
any desired characteristic of a part has a 
yield of 99.9997% or a defect rate of 3.4PPM 
(Cy of 2 or C,, of 1.5) 


a 
82 


Figure 4. 
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QUALITY PERFORMANCE 


Our Quality Improvement Process has 
influenced our entire production cycle - from 
the purchases of raw materials to the 
shipment of finished product. The 
involvement of all areas of the company has 
resulted in impressive quality improvements. 
A traditional quality gauge is final electrical 
and visual/mechanical product defect levels 
as measured upon first submittal results at 
outgoing Quality Assurance gates; Estimated 
Process Quality (EPQ). This is the PPM 
Level at our outgoing inspection for all 
accepted and rejected lots. (See Figures 3 
and 4.) Current product shipments routinely 
record below 20PPM (Parts Per Million) 
electrical defect levels and 150PPM 
visual/mechanical defect levels. Since we 
utilize zero accept sampling on all finished 
product inspection, any lot with one or more 


rejects is rejected and 100 percent inspected. 
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The most meaningful measure of our quality 
is how we measure up to our customer's 
expectations. Many customers routinely send 
us incoming inspection data or ratings on our 
products and services. In 1991, Signetics 
also implemented a formal annual customer 
survey to solicit inputs on Signetics 
performance to the Dimension of 
Performance deemed relevant by the 
customer. Signetics is very appreciative of 
the recognition given by customers. Since 
1986, Signetics has received over 70 formal 
commendation plaques from customers in 
recognition of Quality, Delivery and Service. 
Due to this type of performance, a number of 
our customers have eliminated expensive 
incoming inspection testing and have 
subscribed to the Ship-to-Stock Program. 
(See Figure 5.) 


3.4 (6 Sigma} 


3.4 (6 Sigma) 


Poets 


1991 1992 Jan. 1994 Projection 


Visual/Mechanical Product Quality Based on First Time Q.A. Submission Results 
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CUSTOMERS 
150 


NJ . 
Asia Customers 
= Euro Customers 


U.S. Customers 


SHIP-TO-STOCK PROGRAM 
Ship-to-Stock is a formal program developed 
at the request of our customers to help them 
reduce their costs by eliminating incoming 
test and inspection. Through close work with 
these customers in our quality improvement 
program, they became confident that our 
defect rates were so low that the redundancy 
of incoming inspections and testing was not 
only expensive, but unnecessary. They also 
saw that added component handling 
increased the potential of causing defects. 


Ship-to-Stock is a joint program between 
Signetics and a customer which formally 
certifies specific parts to go directly into the 
customer's assembly line or inventory. This 
program was developed at the request of 
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Figure 5. Signetics Ship-To-Stock Customer Growth 


several major manufacturers after they had 
worked with us and had a chance to 
experience the data exchange and joint 
corrective action occurring as part of our 
quality improvement program. 


Manufacturers using large volumes of ICs, 
those who are evaluating Just-in- Time 
delivery programs, or those who want to 
reduce or avoid high-cost incoming inspection 
are strongly encouraged to participate in this 
worthwhile program. Contact your local sales 
representative for further assistance and 
information on how to participate in this 
program. 
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1990 | 


199 


RELIABILITY ASSURANCE 
PROGRAMS 


Focus on Product Reliability 

From 1981 to 1984, continuing improvements 
in process and material quality had a 
significant impact on product reliability. 


Since 1984, the company has intensified its 
effort to markedly improve product reliability. 
Corporate Reliability Engineering, Group and 
Plant Reliability Units and Manufacturing 
Engineering work jointly on numerous 
improvement activities. These focused 
activities enhance the reliability of future 
products by providing improved methods for . 
reliability assessment, increased 
understanding of failure physics, advanced 
analytical techniques, and aid in the 
development of material and processes. 
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Figure 6. 


EARLY FAILURE RATE (EFR) 
FOCUS 

In 1986 Signetics intensified the focus on 
Early Life Reliability because of the 
significant impact EFR failures have on end 
system reliability performance. This program, 


which has now become a standard element in 


our reliability monitoring activities, provides 
quality engineering with statistically 
significant definition of low level process 


Table 2. - 


New Process Qualification 


New Product Qualification 


SURE Ill 
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related defects. From these data, focused 
failure mechanism corrective actions can be 
developed. Average EFR levels on a broad 
cross section of processes, have been 
reduced from 720FPM to less than 100FPM 
since the corrective action effort was initiated 
in 1986 (reference Figure 6). Details of that 
activity are available upon request. 


Reliability Assurance Programs 


RELIABILITY FUNCTION 


High Temperature Operating Life 
Temperature-Humidity, Biased, Static 
High Temperature Storage Life 
Pressure Pot 
Temperature Cycle 


High Temperature Operating Life 
Temperature-Humidity, Biased, Static 
High Temperature Storage Life 
Pressure Pot 

Temperature Cycle 

Electrostatic Discharge Characterization 


High Temperature Operating Life 
Temperature-Humidity, Biased, Static 
Pressure Pot 

Temperature Cycle 
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1994 Projection 


Signetics Early Failure Rate (EFR) Levels 


RELIABILITY MEASUREMENT 
PROGRAMS 


Comprehensive product and process 
qualification programs have been developed 
to assure that our customers are receiving 
highly reliable products for their critical 
applications. Additionally, ongoing reliability 
monitoring programs, SURE III and Product 
Monitor, sample standard production ona. 
regularly established basis (see Table 2). 


TYPICAL STRESS FREQUENCY | 


Each new wafer fab process (and facility) 
Each new assembly process (and facility) 


Each new product family 


Each fab process family, every four weeks 


; Each plastic package type and technology 
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DESCRIPTION OF STRESSES 


High Temperature Operating Life 
Static High Temperature Life (SHTL) 
stressing applies static DC bias to the device. 
This has specific merit in detecting ionic 
contamination problems which require 
continuous uninterrupted bias to drive 
contaminants to the silicon surface. The 
voltage bias must be maintained until the 
devices are cooled down to room 
temperature from the elevated life test 
temperature. Dynamic High Temperature Life 
(DHTL) stressing is not as effective in 
detecting such problems because the bias 
continuously changes, intermittently 
generating and healing the problem. For this 
reason, SHTL has typically been used as the 
accelerated life stress for Logic products. 
DHTL is useful for products such as memory 
and micro-processor/controller where a large 
portion of the area can only be accessed by 
dynamic means. 


HTSL-High Temperature Storage 
Life 

This stress exposes the parts to elevated 
temperatures (150°C-175°C) with no applied 
bias. For plastic packages, 175°C is the high 
end ofits safe temperature region without 
accelerating untypical failure mechanisms. 
This test is intended to accelerate potential 
mechanical package-related failure 
mechanisms such as Gold-Aluminum bond 
integrity and other process instabilities. 


THBS-Temperature-Humidity, 
Biased, Static 

The accelerated temperature and humidity 
bias is performed at 85°C and 85% relative 
humidity (85°C/ 85% RH). In general, the 
worst case bias condition is the one which 
minimizes the device power dissipations and 
maximizes the applied voltages. Higher 
power dissipations tend to lower the humidity 
level at the chip surface and lessen the 
corrosion susceptibility. 


TMCL-Temperature-Cycling, Air 
to Air 

The device is cycled between the specified 
upper and lower temperature without power 
in an air or Nitrogen environment. Normal 
temperature extremes are -65°C and +150°C 
with a minimum 10 minute dwell and 5 minute 
transition per MIL-STD-883C, Method 

1010.5, Condition C. This is a good test to 
measure the overall package to die 
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mechanical compatibility, because the 
thermal expansion coefficients of the plastic 
are normally very much higher than those of 
the die and leadframe. However, for large die 
the stress may be too severe and induce 
failures that would not be expected in a real 
application. 


PPOT-Pressure Pot 

This stress exposes the devices to saturated 
steam at elevated temperature and pressure. 
The standard condition is 20 PSIG which 
occurs at a temperature of 127°C and 100% 
RH. The stress is used to test the moisture 
resistance of plastic encapsulated devices. 
The plastic encapsulant is not a moisture 
barrier and will saturate with moisture within 
72 hours. Since the chip is not powered up 
the chip temperature and relative humidity will 
be the same as the autoclave once 
equilibrium is reached. Because the steam 
environment has an unlimited supply of 
moisture and ample temperature to catalyze 
thermally activated events, it is effective at 
detecting corrosion problems, contamination 
induced leakage problems, and general 
glassivation stability and integrity. Itis also a 
good test for both package integrity (cracks in 
the package), and for die cracks (the 
moisture swells the plastic enough to stress 
the die; also the moisture causes leakage 
paths in the crack itself). 


PRODUCT AND PROCESS 
QUALIFICATION PROGRAMS 


Qualification activity is centered around new 
products and processes and changes in 
products and processes. The goal is to 
assure that the products can meet the 
qualification requirements prior to general 
release, and on an ongoing basis to 
demonstrate conformance to those 
requirements. The nature and extent of 
reliability stressing required depends on the 
type of change and the amount of applicable 
reliability data available. 


A full qualification may include Early Failure 
Rate (EFR), Intrinsic Failure Rate (IFR), and 
Environmental Endurance Stressing. Such 
stress plans are reserved for introductions or 
changes that involve new or untested 
material or processes and, as such should be 
subjected to the maximum reliability 
interrogation. This normally entails a full 
range of biased and unbiased temperature 
and humidity stresses along with 
thermo-mechanical stresses. 


For changes that are of limited scope, the full 
range of qualification stressing may not be 
warranted. In these instances, the nature and 
extent of the change is examined and only 
those stresses which provide a valuable 
measure of the change, or those which will 
detect potential weakness, are performed. 


SELF-QUAL PROGRAM (SQP) 
Self-Qual, initiated in 1984, is a joint program 
between Signetics and a customer that 
formally communicates the qualification 
activities for a new or changed product, 
process, or material. The Self Qual process 
provides our customer’s engineering groups 
an opportunity to participate in the 
development of the qualification plan. During 
the qualification process, customers may 
audit the project, and can receive interim 
updates of qualification progress. Upon 
completion, formal detailed engineering 
reports are provided. 


The major impact to the customer comes 
from the reduced workload on the component 
engineering and qualification groups. These 
engineering resources generally divide their 
time between routine qualification activity and 
problem resolution on critical components. By 
eliminating the need to perform qualification 
for one of the basic supplier changes the 
customer component engineer can spend 
more of his time resolving the critical product 
issues. In addition, the total amount of stress 
hardware needed to perform qualification life 
tests and other environmental evaluations 
can be reduced, saving the customer facility 
costs and reducing operating expense. 


Self-Qual is a no-risk proposition for the 
customer. Each Self-Qual proposal provides 
a detailed description of what we are 
changing and why. It includes a detailed plan 
of what we intend to do to establish the 
reliability of the products affected. If the 
customer wishes to have product added to 
the plan or select some additional stresses, 
or prefers alternative stress conditions, 
Signetics will do everything possible to 
accommodate those requests. After that, if 
the customer is still uncomfortable with the 
recommended change, they are under no 
obligation to accept our data, and they may 
also perform their own qualification program. 
Customers who are interested in participating 
in this program should contact their local 
sales representative or the Corporate 
Reliability Engineering department directly. 
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SURE Ill RELIABILITY 
MONITORING PROGRAM 


In order to implement an improvement 
program, a standard measure of performance 
was needed. The results from the SURE III 
Reliability Monitoring Program are used as 
basic ongoing measures of product reliability 
performance. This program samples all 
generic families of products manufactured 
and utilizes standardized stress methods and 
test procedures. A measurement philosophy 
was adopted based on the premise of 
continual improvement toward our 
performance standard of zero defects. We 
also increased our standard Pressure Pot 
stress conditions from 15 PSIG/121°C to 

20 PSIG/127°C. This reduced stress duration 
from 168 hours to 72 hours, and increased 
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high volume sampling, which increased 
sensitivity to low defect levels. Our standard 
monitoring program, SURE Iil, includes the 
stress conditions as described in Table 3. The 
continuous improvement results are shown in 
Figure 7 Signetics Reliability Index as Failure 
Per Million (FPM). The FPM value includes 
all rejects from all accelerated stresses 
divided by total units submitted to all 
stresses. This is a relative number used to 
manage continuous reliability improvement. It 
should not be interpreted as an expected 
failure rate. Figure 8 shows the continuous 
improvement in the SURE III 1000 Hour 
High-Temperature (Ty > 150°C) Operating 
Life Test FPM (includes early and intrinsic 
failure rates) for all technologies combined. 


ALL SURE Ill STRESSES 
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* Failures during product lifetime at customer less than 3.4PPM (6 Sigma) 


Figure 7. Signetics Reliability Index 


Ty > 150°C 


*1 FIT @0.7eV, Tamb = 45°C, 60% UCL 


The 428 FPM for 1991 derates to 1 FIT at 
45°C ambient temperature when 
assumptions of 0.7eV, 60% UCL and an 8°C 
junction rise above ambient are used. 
Admittedly the 1 FIT calculation for 1991 
includes all technologies and unsubstantiated 
assumptions, but is a plausible number. 
Detailed FIT calculations by family do exist. 
Failure rate information is provided in the 
Signetics Product Reliability Summary Report 
available to all customers. In addition, the 
Signetics Reliability Handbook and the 
Signetics Process Technology and 
Manufacturing Facility Roadmap publications 
further define the rationale for methods used 
and the formation of process, product and 
package families. 
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SURE Ill MONITOR, 1000 HOURS, ALL TECHNOLOGIES 


Projection 


Figure 8. High-Temperature Operating Life Test FPM 
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Table 3. 


RELIABILITY FUNCTION 


Static High Temperature 
Operating Life (SHTL) 


! Veg = MAX, 


Temperature-Humidity, 


Biased, Static (THBS) Voc = MAX 


Temperature Cycling 
(TMCL) 


Pressure Pot 


Duration = 1000 hours 


Tamb = 85°C + 3°C, 
Humidity = 85% RH + 5%, 
Biased condition = Static, 


Duration = 1000 hours 


Tamb = -65°C ( +0°C -10°C) to +150°C ( +10°C -0°C), Air-to-Air, 
Dwell time = 10 minutes minimum each extreme, 
Biased condition = None, 

Duration = 1000 cycles for plastic package, 300 cycles for ceramic package 


Tamb = 127°C + 2°C, 20 PSIG +0.5 PSIG (PPOT). 
100% saturated steam, 

Biased condition = None, 

Duration = 72 hours 


SURE Ill Reliability Monitoring Program 


STRESS CONDITIONS | 


Tj = 150°C, Tamb = 125°C to 150°C, 
Biased condition = Static, 


NOTE: Vec = MAX is generally equal to Vcc = MAX as specified in data handbook 


PRODUCT MONITOR 

In addition to the SURE III program, each 
assembly plant performs Pressure Pot 
(20PSIG, 127°C, 72hours) reliability monitors 
on a weekly basis for each molded package 
type by pin count. The purpose of this 
program is to monitor the consistency of the 
assembly operations for such attributes as 
molding quality and die attach and wire bond 
integrity. This data is reported back to 
manufacturing operations and corporate and 
group reliability and quality assurance 
departments by electronic mail each week. 


RELIABILITY EVALUATION 

In addition to the product performance 
monitors encompassed in the SURE III 
program, Corporate and Group Reliability 
Engineering departments sustain a broad 
range of evaluation and qualification 
activities. Included in the engineering process 
are: 


® Evaluation and qualification of new or 


changed materials, assembly/wafer-fab 
processes and equipment, product 
designs, facilities, and subcontractors. 


® Devices or generic group failure rate 
studies. 


® Advanced environmental stress 
development. 


® Failure mechanism characterization and 
corrective action/prevention reporting. 


The environmental stresses utilized in the 
engineering programs are similar to those 
utilized for the SURE III program; however, 
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more highly accelerated conditions and 
extended durations typify these engineering 
projects. Additional stress systems such as 
biased pressure pot, power-temperature 
cycling, and cycle-biased temperature- 
humidity, are included in some evaluation 
programs. 


STRESS FACILITY QUALITY 
Quality improvement has reached all 
functional areas of the company, and the 


reliability stress laboratories are no exception. 


Corporate Reliability Laboratory (CRL) is one 
of the many areas where the benefits of the 
quality improvement process pays repeated 
dividends. 


CRL utilizes stress which accelerate failure 
rates hundreds to thousands of times, 
requiring precision and control to make 
reliability data meaningful. Stress loading 
schedules are maintained with absolute 
regularity and chambers are never off-line 
beyond scheduled loading plans. Board 
currents are recorded prior to and at each 
interval on biased stresses, and monitoring of 
in-oven currents is conducted daily. 


Thermal modeling of the Temperature Cycling 
systems has been accomplished and all 
loads are carefully weighed to ensure that 
thermal ramps are consistent. 


Pressure Pot and Biased Pressure Pot 
systems utilize microprocessor controllers, 
and are accurate to within 0.1 degree 
centigrade. Saturation is guaranteed via 
automatic timing circuits, and a host of 
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# UNITS © 


135/150 Monthly 


100 Monthly 
100 Monthly 
100 Weekly 


fail-safe controls ensure that test groups are 
never damaged. 


Electrostatic discharge (ESD) handling 
precautions are standard procedures in the 
laboratories, and the occurrences of devices 
lost, Zapped, or overstressed have become 
almost non-existent. 


MANUFACTURING FACILITIES 


Signetics, as part of a multinational 
corporation, utilize manufacturing facilities for 
wafer fabrication, package assembly, and test 
in three states and six overseas countries as 
shown in Table 4. Wafer fabrication is 
performed in fabs which report to the Product 
Groups. Assembly operations in Korea and 
Thailand report to Assembly Manufacturing 
Operations (AMO). Assembly subcontractors 
are scheduled and controlled through the 
AMO organization. Assembly subcontractors 
process all product to Signetics’ 
specifications and materials. We have on-site 
quality assurance personnel at each 
subcontractor site to audit assembly 
processes and procedures. 


TYPICAL IC MANUFACTURING 
FLOW 

The manufacturing process for integrated 
circuits begins with wafer fabrication. The 
wafers are then electrically sorted, 
assembled, and tested prior to customer 
shipment. Quality assurance inspections are 
utilized throughout the manufacturing 
process, with manufacturing being 
responsible for the process/product quality. 
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Table 4. Product Manufacturing 


FACILITIES. DESIGNATION LOCATION PROCESS OR PACKAGE FAMILIES 
Fab 01 Sunnyvale, California, USA Bipolar, Linear, Junction Isolated and Quality Assurance 


Bipolar Gold Doped, Schottky, Oxide Isolated, ECL, PLD and 
ics a a Quality Assurance 


Fab 22 Albuquerque, New Mexico, USA | NMOS, CMOS, ACMOS, BiCMOS, EPROM and Quality Assurance 
Fab 23 Albuquerque, New Mexico, USA | CMOS EPROM, Flash EPROM, BiCMOS, and Quality Assurance 
MOS #2 Nijmegen, The Netherlands HC(T) CMOS Logic and Quality Assurance 


Alphatec (R) Bangkok, Thailand Ceramic DIP and Quality Assurance 
Anam (L) Plastic DIP, SO, PLCC, Metal Can and Quality Assurance 
Assembly Hyundai (W) Ichon, Kyungki, Korea Plastic DIP, SO, PLCC, Ceramic DIP and Quality Assurance 


Wafer 
Fabrication 


ASAT (C) Hong Kong Plastic QFP, SO, and Quality Assurance 
HANA (M) Bangkok, Thailand Plastic DIP and Quality Assurance 
MEC (T) Osaka, Japan Plastic SO EIAJ, QFP and Quality Assurance 
Orem (P) Orem, Utah, USA Ceramic DIP, Flat Pack, QFP, PGA and Quality Assurance 
Pebei (B) Plastic DIP, SO, SSOP, PLCC, and Quality Assurance 
SigKor (K) Plastic DIP, SO, PLCC, and Quality Assurance 
(G) 


Kyoto, Japan Plastic QFP and Quality Assurance 


Sig Thai (V) Bangkok, Thailand Plastic DIP, SO, and Quality Assurance 
Sunnyvale, California, USA Wafer Sort, Final Test and Quality Assurance 
‘Korea 

Test i 


Table 5. Package Construction 


ITEMS PLASTIC DIP SO AND PLCC CERAMIC DIP(CERDIP) CERAMIC FLAT PACK 
Copper, 194 Alloy Copper, 194 or PMC 102 Alloy-42 Alloy-42 


Lead Finish Tin/Lead Solder Dip (60/40) Sy So ee Pee (ae 20) 40) | Tin/Lead Solder Dip (60/40) _| Tin/Lead Solder Dip (60/40) 


Bond Area Finish | Silver Spot Silver Spot Silver Spot Silver Spot 
Silver Filled Polymide or Silver Filled Polymide or ; ie 
Thermoplastic Thermoplastic Silver Filled Glass Silver Filled Glass 
Bond Wire Gold, 1.0-1.3 mils in Gold, 1.0-1.3 mils in Aluminum, 1.0-1.3 mils in Aluminum, 1.0-1.3 mils in 
Diameter Diameter Diameter Diameter 


Wire Bonding Thermosonic Thermosonic Ultrasonic Ultrasonic 
Die Ball Ball Stitch Stitch 
Lead Frame Stitch Stitch Stitch Stitch 


Package Material_ | Novolac Epoxy Novolac Epoxy 


SPECIAL PROCESSING 
SUPR II LEVEL B — 


For our customers who require an infant 
mortality rate level less than that normally 
provided for our standard products (typically 
less than 1000PPM), we offer our Signetics 
Upgraded Product Reliability (SUPR) 
program. 


Devices are burned-in per Signetics 
specification 850-227 schematics fora 
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minimum of 21 hours at junction temperature 
between 155°C to 175°C. Fora 1.0eV 
activation energy, 21 hours at 155°C is 
equivalent to 168 hours at 125°C. 


Following burn-in, all devices are cooled 
down under bias and tested within 96 hours. 
All devices are tested before and after 
burn-in, yield calculated and compared to 
Percent Defective Allowed (PDA). If a lot fails 
PDA, it is investigated and good units 
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submitted to a second burn-in. All “SUPR Il 
B” devices carry a “B” marking. 


The SUPR program was introduced in 1972 
to improve quality and reliability and was 
expanded in 1975 to SUPR II A which | 
included the burn-in option, SUPR II B. With 
the implementation of the Signetics Quality 
Improvement Process in 1980, standard 
product quality levels and guarantees caught 
up and passed SUPR II. All processing, 
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except for burn-in, is now standard. The 
Signetics standard warranty is Zero Defects. 


“Evaluation of Early Failure Levels and The 
Effectiveness of Burn-in” is available upon 
request through your local sales office. This 
brochure is an aid for those users and 
purchasers of integrated circuits who need to 
make a decision regarding burn-in. 


PUBLICATIONS 

Signetics routinely publishes documents 
supporting the Quality and Reliability. 
Improvement Process. The following 
significant documents are currently available. 


IC Quality Series 


Quality and Reliability Policy Manual 
(850-8000) 

This manual is the starting point for 
understanding the policies of Signetics 
pursuant to constantly improving the high 
standards of quality and reliability in the 
manufacture of monolithic integrated circuits. 
Responsibilities and authority of 
organizations are defined along with 
governing specifications and operator 
instruction documents. 


Signetics QIP Total Quality 
Management 

This booklet describes the TQM model, 
patterned after the U.S.A. Malcom Baldrige 
National Quality Award criteria and how the 
model is applied to the Signetics Quality 
Improvement Process. 


Supplier Partnership Guide 

This booklet defines Signetics philosophy, 
policy and requirements for establishing 
strategic partnerships with raw material 
suppliers. 


Product Symbol Formats 

This publication provides a guide for 
determining standard product symbol format 
and content for decoding inventory and 
product in field usage since 1980. Since date 
code 8717, Signetics has symbolized the 
assembly start computer Lot ID on 
commercial products providing full traceability 
back to start of wafer fabrication. 


Quality Attributes EDI System 

This manual defines system requirements for 
Electronic Data Interchange (EDI) of Quality 
Attributes (pass/fail) Data. 


Monthly Product Outgoing Quality 
Summary Reports 


Estimated Process Quality (EPQ) in PPM for 
electrical, visual/ mechanical and hermeticity 
by part number or by family. 
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Statistical Process Control 

This booklet introduces the Signetics SPC 
system including terminologies, philosophy, 
organization, training and implementation 
Strategy and status. 


Ship-To-Stock Program 
This booklet defines the “joint program” 


requirements of Signetics and the customer | 


to formally certify specific products to go 
directly into the assembly line or inventory 
with reduced or no incoming inspection 
thereby reducing cost of ‘ownership. 


Customer Return immediate en 
Program (CRISP) 

This booklet defines the joint responsibilities 
of Signetics and the customer to assure that 
correlation samples are investigated and 
results reported per the Signelics 1-4-5 ayer 
time commitments. 


IC Reliability Series 


Signetics Reliability Handbook 

This handbook is a detailed guide to — 
Signetics Reliability Qualification and 
Monitoring activities. It includes reference 
sections that deal with the application and 
Statistics of integrated circuit reliability issues. 


Product Reliability Summary 

Yearly, SURE II! monitoring data is 
summarized and published for all product 
families in a Product Reliability Summary. 
Summaries like this one provide a detailed 
overview of product family performance and 
estimates the reliability of those products in 
use conditions. 


Quarterly Reliability Update 

Detailed results, by part number, package 
type, date code, assembly location, and by 
stress and test interval are routinely 
published in the Signetics Quarterly 
Reliability Update. The “Update” is available 
at the end of each quarter, and contains the 
results of reliability monitors which completed 
during the previous quarter, plus 
approximately 3 years of history for each 
product family. 


SMD Reliability (The Reliability and 
Durability of Surface Mount 
Packages) 

In support of Signetics’ leadership in Surface 
Mount Device (SMD) technology, we have 


published in-depth studies and evaluations on 
the reliability and durability of SMD packages. 


The Surface Mount Reliability report covers 
evaluation of products after exposure to the 


unique environments created by various SMD 


soldering and cleaning processes. 


Process Technology and 
Manufacturing Facility Roadmap 

This document defines the various process 
technologies in production in Signetics 
manufacturing facilities, and defines in detail, 
the fab and assembly processes and» 
locations qualified to produce all released 
products. 


Thermal Characteristics of Integrated 
Circuit Packages 3 
This is a comprehensive collection of thermal 
characterization data for all packages 
manufactured by Signetics. Thermal 
resistance data to Case, and to Ambient are 
provided. Details on airflow effects and die — 
size are included. 


SSOP — Signetics Self-Qual 
Program-Reports 

In addition to the regular publications of 
reliability monitor results, a special program 
for the publication of qualification proposals 
and final engineering reports has been in 
place since January of 1984. Self-Qual 
Reports are available on all major process 
changes and introductions, thereby reducing 
customer cost of ownership. 


Evaluation of Early Failure Levels 
and the Effectiveness of Burn-in 

This report provides results of the Signetics 
Early Failure Rate (EFR) program 
implemented in 1986 to identify and eliminate 
root causes of infant mortality and to aid 
users of IC components faced with a decision 
regarding Burn-in of purchased integrated 
circuits. 


DATA AVAILABILITY 


The previously referenced documents are 
available to all our customers. Many are 
available in your local sales office, or from: 


Corporate Quality System Group 
Mail Stop #35 

811 East Arques Avenue 

P.O. Box 3409 

Sunnyvale, CA 94088-3409, USA 


where you can be placed on a standard 
mailing list for all documentation which meet 
your requirement(s). 
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PLD PRODUCT QUALITY AND 
RELIABILITY 


Bipolar Programmable Products 
Programmable Logic Devices (PLDs) have 
also undergone the “Signetics Quality 
Journey” described earlier. More monitoring 
in addition to those previously described is 
done on bipolar PLDs because they cannot 
be fully tested by Signetics. These products 
are not complete until the selected fusible 
elements (metallic fuse links of NiCr or TiW, 
or vertical diodes) are programmed by our 
customers. 


Our goal is 100% programming yields. To 
meed this goal, we begin with correct product 
and process design to ensure sufficient 
current is delivered to the selected fuses 
without programming any de-selected fuses. 
Confirmation of proper design is done 
through the performance of fusibility testing 
and post-fuse functional testing hot (PFTH) 
during the qualification of new products and 
processes. PFTH includes functional, DC and 
AC testing. 


Monitoring of fusibility continues on all PLDs 
in production with electrical testing of fuse 
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resistance on Process Control Monitor die 
present on the same wafers as the product 
die. Product is also screened for fusibility at 
wafer electrical probing (Esort) where a test 
row and test column are programmed on 
each die. Die that cannot successfully 
program the test row and column are 
rejected. Samples of selected representative 
products continue to routinely undergo 
fusibility and PFTH monitors to ensure 
maintenance of high programming yields. 


On occasion, our internal monitors or 
customer feedback may indicate certain 
products do not meet our customers’ 
expectations in regard to programming. In 
that event, management commits the 
necessary resources to identify and 
implement corrective actions. This is usually 
accomplished in a Cross Functional Team as 
it may not be clear is improved design, 
process, testing, or some combination, is 
required. The success of such team efforts is 
exemplified in the release of new revisions of 
the PLUS153/173, PLUS 16XX, and 

10H20E V8/10020E V8 products. These 
products were converted to the new RD2 
process that was developed to improve 


fusibility. Some of these products underwent 
design improvements as well. 


CMOS Programmable Products 
Our goal for CMOS EPLD programming 
yields is also 100%. In addition, data 
retention is to be better than 10 years at 
45°C. Our efforts towards these goals also 
begin with proper product and process design 
and continue with SPC in manufacturing. 


In contrast to bipolar PLDs, EPLDs are 
completely tested by programming all cells at 
Esort. Defective die that cannot be fully 
programmed are rejected. Product is also 
screened for data retention (charge loss) by 
voltage and thermally accelerated testing. 
The former is accomplished by an elevated 
voltage drain stress test at Esort. The latter is 
done by means of a 250°C bake between 
programming at Esort1 and verification at 
Esort2. 


As for all products, ongoing verification of 
product quality and reliability is accomplished 
with PA sampling after final electrical test, 
SURE Ill reliability testing, and EFR 
monitoring. 


Programmable Logic Devices 


Section 3 


PAL Device Data Sheets 


Series 20 
PHD16N8-5 
PLC18V8Z35/1 
PLC18V8Z25/1A 
PLUS16R8D/-7 


PLQ16R8-5 


Series 24 
PLUS20R8D/-7 


PLQ20R8-5 


PL22V10-10/-12/-15, 
PL22V10115 


PLQ22V10-7 
10H20EV8/10020EV8 
Series 68 
PHD48N22-7 


INDEX 

Programmable High-Speed Decoder (16 x 16 x 8);5ns....... 41 
Zero Standby Power CMOS Versatile PAL Devices .......... 49 
Zero Standby Power CMOS Versatile PAL Devices .......... 62 
PAL Devices (Includes PLUS16L8D/-7, PLUS16R4D/-7, 
PLUS16R6D/-7, PLUS16R8D/-7); 7.5ns &10ns ............ 75 
PAL Devices (Includes PLQ16L8-5, PLQ16R4-5, 

PLQ16R6-5, PLQ16R8-5); 5ns ... 1. ee ee 90 
PAL Devices (Includes PLUS20L8D/-7, PLUS20R4D/-7, 
PLUS20R6D/-7, PLUS20R8D/-7); 7.5ns &10ns ............ 106 
PAL Devices (Includes PLQ20L8-5, PLQ20R4-5, 

PLQ20R6-5, PLQ20R8-5); 5ns ........ 0.0... cee eee 121 
CMOS Programmable Electrically Erasable Logic Device ..... 137 
BiCMOS Versatile PLD Device ................ 0.000 eee 152 
ECL Programmable Array Logic ................02.00 eee 165 
Programmable High-Speed Decoder (48 x 73 x 22) .......... 182 
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Programmable high-speed decoder logic 


(16 x 16 x 8) 


Product specification 


PHD16N8-5 


DESCRIPTION 

The PHD16NB8-5 is an ultra fast 
Programmable High-speed Decoder featuring 
a 5ns maximum propagation delay. The 
architecture has been optimized using Philips 
Semiconductors—Signetics state-of-the-art 
bipolar oxide isolation process coupled with 
titanium-tungsten fuses to achieve superior 
speed in any design. 


The PHD16N8-5 is a single level logic 
element comprised of 10 fixed inputs, 8 AND 
gates, and 8 outputs of which 6 are 
bidirectional. This gives the device the ability 
to have as many as 16 inputs. Individual 
3-State control of all outputs is also provided. 


The device is field-programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 
Proprietary designs can be protected by 
programming the security fuse. 


The SLICE software package from Philips 
Semiconductors—Signetics supports easy 
design entry for the PHD16N8-5 as well as 
other PLD devices. 


Order codes are listed below. 


ORDERING INFORMATION 


March 27, 1990 


DESCRIPTION 
20-Pin Plastic Dual In Line Package; (300mil-wide) - PHD16N8-5N 


20-Pin Plastic Leaded Chip Carrier; (350mil square) 


FEATURES 
® ideal for high speed system decoding 


© Super high speed at 5ns tep 
®@ 10 dedicated inputs 


® 8 outputs 
- 6 bidirectional /O 
- 2dedicated outputs 


® Security fuse to prevent duplication of 
proprietary designs. 


® Individual 3-State control of all outputs 


©@ Field-programmable on industry standard 
programmers 


@ Available in 20-pin Plastic Dual In-Line and 
20-Pin PLCC 


APPLICATIONS 
@ High speed memory decoders 


®@ High speed code detectors 

@ Random logic 

© Peripheral selectors 

®@ Machine state decoders 

® Footprint compatible to 16L8 

© Fuse/Footprint compatible to TIBPAD 
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ORDER CODE 
PHD16N8-5A 


PIN CONFIGURATIONS 


N = Plastic Dual In-Line Package (300mil-wide) 


A Package 


2 114 0 Voc 07 


18 GND 19 OO B1 
A = Plastic Leaded Chip Carrier 


853-1417 99230 
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Programmable high-speed decoder logic 


(16 x 16 x 8) 
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PHD16N8-5 


LOGIC DIAGRAM 


NOTES: 


pulled to logic "0" 


gate locations are 


nprogrammed or virgin "AND" 


WEEE Programmable connections 
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(16 x 16 x 8) PHD16N8-5 


FUNCTIONAL DIAGRAM 


ABSOLUTE MAXIMUM RATINGS! | THERMAL RATINGS 


TEMPERATURE 
UNIT 150°C 


Allowable thermal rise 
ambient to junction 75°C 


Output currents 
Operating temperature range 


| 
| mA 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 


RATINGS 
SYMBOL | PARAMETER | Min | Max | 


Operating free-air temperature | 0 6] 475 | 
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PHD16N8-5 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamp S$ +75°C, 4.75 $ Vog $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | oMIN- | TYP! | MAX | UNIT 


wee “se 
Voc = MIN V 
ne Vec = MAX V 
Clamp Voc =MIN, lin =—18mA -0.8 V 

: aa voltage 

Voc = MIN, Vin = Vin or Vit 
Voi Low lot = +24mA V 
Vou High lon = —3.2mA 2.4 V 
Voc = MAX 

hie Vin = +0.40V —250 pA 
‘i “ie Vin = +2.7V 25 pA 
High Vin = Vec = Voc MAX 100 pA 


aaa current 


Voc = MAX 
loz Output leakage? Vout = +2.7V pA 
e Output leakage? _ Vout = +0.40V pA 
Short circuit* Vout = OV mA 


ee a eT 


Capacitance” 
Vcc = +5V 
Cin Input Vin = 2.0V @ f = 1MHz 8 pF 
Court fe) (B) Vout = 2.0V @ f = 1MHz 8 pF 
NOTES: 


1. Typical limits are at Voc = 5.0V and Tamp = +25°C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Leakage current for bidirectional pins is the worst case of |), and loz, or Ii, and Izy. 

4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
5. These parameters are not 100% tested, but are periodically sampled. 


March 27, 1990 44 


Philips Semiconductors—Signetics Programmable Logic Devices Product specification 


Programmable high-speed decoder logic 
(16 x 16 x 8) 


PHD16N8-5 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tam $ +75°C, 4.75 < Voc < 5.25V, R; = 200, Rp = 3902 


TEST 
SYMBOL PARAMETER TO CONDITIONS 


| toe Output Enable (I, B) + Output enable C. = 50pF Lins <5 
| too? «| Output Disable (,B)+ — | Inputdisable C, = SpF | ons 


1. tpp is tested with switch S, closed and C, = 50pF. 

2. For 3-State output; output enable times are tested with C,; = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links open, such that: 
1. All outputs are disabled. 


2. All p-terms are disabled in the AND array. 


TIMING DEFINITIONS 


SYMBOL PARAMETER 
Input to output propagation 
Pp delay. 
fo Disable). 
Input to Output Enable 
delay (Output Enable). 


Input to Output Disable 
TIMING DIAGRAM 


2 

i 
ry 
a 
z 
S 
< 
< 
o 
re) 
« 
a 


1 2 3 4 5 6 7 8 
TEST CONDITIONS: Tamp = 75°C; 


Voc = 4.75V; C= 50pF; 
Rq = 2009; Ro = 3902 


(3-State) delay (Output 


Worst-Case Propagation Delay vs. 
Number of Outputs Switching 


INPUTS, I/O 


ere (X \/ XX XXX \/ 
SY 


WAVEFORM INPUTS OUTPUTS WAVEFORM OUTPUTS 


MUST BE WILL BE ae 

STEADY STEADY UNKNOWN 
CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


March 27, 1990 45 


Philips Semiconductors—Signetics Programmable Logic Devices 


Programmable high-speed decoder logic 


(16 x 16 x 8) 


AC TEST LOAD CIRCUIT 


INPUTS 


NOTE: 
C1 and Co are to bypass Vcc to GND. 


LOGIC PROGRAMMING 

The PHD16N8-5 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics’ SLICE and 
SNAP design software packages. ABEL™ 
CUPL™ and PALASM@® 90 design software 
packages also support the PHD16N8—5 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


“AND” ARRAY - (I, B) 


| inactve’ | Oo 


‘NOTE: 
1. This is the initial state. 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Cor. 
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OUTPUTS 


PHD16N8-5 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SLICE only. The SLICE design 
package is available, free of charge, to 
qualified users. 


To implement the desired logic functions, 
each logic variable (1, B, P and D) from the 
logic equations is assigned a symbol. TRUE 
(High), COMPLEMENT (Low), DON’T CARE 
and INACTIVE symbols are defined below. 
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_ Product specification 


PHD16N8-5 


VOLTAGE WAVEFORMS 


83.0 ——— — 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


PROGRAMMING/SOFTWARE 
SUPPORT : 
Refer to Section 8 (Development Software) 
and Section 9 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 


P,D 


[stare [cone 
[—powr cane | - 
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PROGRAM TABLE 


OUTPUTS (B, ©) 


p2{ io 
VAVAVAVAVANA 
VAVAVAVAVA 


Doon ooonooe 


OR (FIXED) 
ACTIVE OUTPUT 


NOT USED 


T 
E 
R 
M 
Late d 
a 
om WwW 
qgq= 
x <= 
<= 
> 


jmactive | o 

jue 
Ea 
CEP EPP ee eee 
Dee ene cee aeeeee 
Aaa eee eee ee 
ZA ee Rae see eee 
aE eae feel efea le oat ee 
ae SE ef eae ee 
EEE Eee eye 
Lata eee ase 
Baa eee eee See eee 
i ae a a (a ee ae 
= NINA? Te 
Fe TINISINISININISINISE ISIN [eS o 
ERR OSS SERS 


N 
. The PHD16N8-5 is shipped with all links intact. - 
. Unused | and B bits in the AND array exist as INACTIVE in the virgin state. 
. All p-terms are inactive until programmed otherwise. 
. Data cannot be entered into the OR array field due to the fixed nature of the device architecture. 


Ei 

x< 

x< 

x< 

Lo 

u. 

| 

ram 

< 
<x 
Go 
Ww 
N 
ond 
Oo 
ie] 
= 
> 
” 
ce 
uu 
5 
= 
2) 
=) 
© 


CUSTOMER NAME 
PURCHASE ORDER # 
SIGNETICS DEVICE 
PROGRAM TABLE # 
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(16 x 16 x 8) PHDI6N8-5 


DECODING 1/2 MEG STATIC MEMORY 
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Zero standby power 


CMOS versatile PAL devices 


Product specification 


PLC18V8Z35 / PLC18V8ZI 


DESCRIPTION 
The PLC 18V8Z35 and PLC 18V8ZI are 
‘universal PAL® devices featuring high 
performance and virtually zero-standby power 
for power sensitive applications. They are 
reliable, user-configurable substitutes for 
discrete TTL/CMOS logic. While compatible 
with TTL and HCT logic, the PLC 18V8ZI can 
also replace HC logic over the Vcc range of 
4.5 to 5.5V. 


The PLC 18V8Z is a two-level logic element 
comprised of 10 inputs, 74 AND gates 
(product terms) and 8 output Macro cells. 


Each output features an “Output Macro Cell” 
which can be individually configured as a 
dedicated input, a combinatorial output, or a 
registered output with internal feedback. As a 
result, the PLC 18V8Z is capable of emulating 
all common 20-pin PAL devices to reduce 
documentation, inventory, and manufacturing 
costs. 


A power-up reset function and a Register 
Preload function have been incorporated in 
the PLC18V8Z architecture to facilitate state 
machine design and testing. 


With a standby current of less than 100uA 
and active power consumption of 
1.5mA/MHz, the PLC 18V82Z is ideally suited 
for power sensitive applications in battery 
operated/backed portable instruments and 
computers. 


The PLC 18V8Z is also processed to 
industrial requirements for operation over an 
extended temperature range of -40°C to 
+85°C and supply voltage of 4.5V to 5.5V. 


Ordering information can be found below. 


ORDERING INFORMATION 


20-Pin Ceramic Dual In-Line Package 300mil-wide with quartz window (tpp = 35ns) 
20-Pin Plastic Leaded Chip Carrier 350mil square (tpp = 35ns) 
20-Pin Plastic Dual In-Line Package 300mil-wide (tpp = 40ns) 


20-Pin Ceramic Dual In-Line Package 300mil-wide with quartz window (tpp = 40ns) 


20-Pin Plastic Leaded Chip Carrier 350mil square (tpp = 40ns) 


FEATURES 


® 20-pin Universal Programmable Array 
Logic 


® Virtually Zero-Standby-power 


® Functional replacement for Series 20 
PAL devices 
— Io. = 24mA 


® High-performance CMOS EPROM cell 
technology 
—- Erasable 
— Reconfigurable 
- 100% testable 


@ 35ns Max propagation delay (comm) 
® 40ns Max propagation delay (Industrial) 


® Up to 18 inputs and 8 input/output macro 
cells 


e Programmable output polarity 

® Power-up reset on all registers 

@ Register Preload capability 

® Synchronous Preset/Asynchronous Reset 


© Security fuse to prevent duplication of 
proprietary designs 


® Design support provided using SLICE 
software development package and other 
CAD tools for PLDs 


®@ Available in 300mil-wide DIP with quartz 
window, plastic DIP (OTP) or PLCC (OTP) 


APPLICATIONS 


® Battery powered instruments 
©@ Laptop and pocket computers 
® Industrial control 

® Medical Instruments 


® Portable communications equipment 


. DESCRIPTION 


20-Pin Plastic Dual In-Line Package 300mil-wide (tpp = 35ns) 


®PAL is a registered trademark of Advanced Micro Devices, inc. 
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Temperature Range 


+ 5% Power Supplies 


Temperature Range 


+ 10% Power Supplies 


PIN CONFIGURATIONS 
N and FA Packages 


N = Plastic DIP (300mil-wide) 
FA = Ceramic DIP with Quartz Window (300mil-wide) 


A Package 


Io/ 
ly CLKVcc F7 


° 


Ig GND Io’ Fo Fy 
OE 


A = Plastic Leaded Chip Carrier 


PIN LABEL DESCRIPTIONS 


fa =| Dedicated input 
|B Bidirectional input/output 
Pen, Dedicated output 


(D-type flip-flop) 
; 
[OE [Ouputnabie 


ORDER CODE 


PLC18V8Z35N 
| PLC18V8Z35FA 


PLC18V8Z35A 
PLC18V8ZIN 


PLC18V8ZIFA 
PLC18V8ZIA 


OPERATING 
CONDITIONS 


Commercial 


Industrial 
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Pins 1 and 11 are configured as Inputs 0 and 9, respectively, via the configuration cell. The clock and 


DE functions are disabled. 


in the unprogrammed or virgin state: 


All cells are in a conductive state. 


All output macro ceils (OMC) are configured as bidirectional I/O, with the outputs disabled via the 


direction term. 


Denotes a programmable cell location. 


Ail AND gate locations are pulled to a logic “0” (Low). 


Output polarity is inverting. 


September 1, 1989 


Philips Semiconductors—Signetics Programmable Logic Devices Product specification 


Zero standby power 


CMOS versatile PAL devices PLC18V8Z35 / PLC18V8ZI 


PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION FUNCTIONAL DIAGRAM 
CROSS REFERENCE 


36 ROWS X 72 COLUMNS 
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The Signetics state-of-the-art Floating-Gate to the customer. Additionally, this allows 
CMOS EPROM process yields bipolar Signetics to extensively stress test, as well as 
equivalent performance at less than ensure the threshold voltage of each 
one-quarter the power consumption. The individual EPROM cell. 100% programming 
erasable nature of the EPROM process yield is subsequently guaranteed. 


enables Signetics to functionally test the 
devices prior to shipment 


OUTPUT MACRO CELL (OMC) THE OUTPUT MACRO CELL 
(OMC) | 
The PLC18V8Z series devices have 8 
FROM AND | individually programmable Output Macro 
ARRAY 4 To ALL OMCs | Cells. The 72 AND inputs (or product terms) 


from the programmable AND array are 
connected to the 8 OMCs in groups of 9. 
Eight of the AND terms are dedicated to logic 
functions; the ninth is for asynchronous 
direction control, which enables/disables the 
respective bidirectional I/O pin. Two product 
terms are dedicated for the Synchronous 
Preset and Asynchronous Reset functions. 


Each OMC can be independently 
programmed via 16 architecture control bits, 
AC1, and AC2, (one pair per macro cell). 
Similarly, each OMC has a programmable 
output polarity control bit (Xn). By configuring 
the pair of architecture control bits according 
to the configuration cell table, 4 different 
configurations may be implemented. Note that 
the configuration cell is automatically 
programmed based on the OMC 
configuration. 


DESIGN SECURITY 

The PLC18V8Z series devices have a 
programmable security fuse that controls the 
access to the data programmed in the device. 
By using. this programmable feature, 
proprietary designs implemented in the device 
cannot be copied or retrieved. 


NOTE 


#3 Denotes a programmable cell location. 
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CONFIGURATION CELL 

A single configuration cell controls the 
functions of Pins 1 and 11. Refer to 
Functional Diagram. When the configuration 


for all registered OMCs is common—from Pin 
11 only. Output enable control of the 
bidirectional 1/0 OMCs is provided from the 
AND array via the direction product term. 


enabled on Pins 1 and 11, respectively. If 
none of the OMCs are registered, the 
configuration cell will be programmed such 
that Pins 1 and 11 are dedicated inputs. The 


programming codes are as follows: 


Pin 1 = CLK, Pin 11 = OE 
Pin 1 and Pin 11 = Input 


cell is programmed, Pin 1 is a dedicated 
clock and Pin 11 is dedicated for output 
enable. When the configuration cell is_ 
unprogrammed, Pins 1 and 11 are both 
dedicated inputs. Note that the output enable 


CONTROL CELL CONFIGURATIONS 
= Sanna 
Bidirectional 1/0 mode! Unprogrammed Unprogrammed Unprogrammed Se tear ay ar 
Fixed input mode Unprogrammed Unprogrammed Pins 1 and 11 are dedicated inputs 


Fixed output mode Unprogrammed Unprogrammed a Soke AU eee avi 


NOTE: 
1. This is the virgin state as shipped from the factory. 


If any one OMC is configured as registered, 
the configuration cell will be automatically 
configured (via the design software) to ensure 
that the clock and output enable functions are 


ARCHITECTURE CONTROL—AC1 and AC2 


) >—_— F(O), F ©) 


F(B), F (B) 


“d 
[ONG CONFIGURATION | CODE] 


REGISTERED (D—TYPE) bree | 


OMC CONFIGURATION | CODE | 


BIDIRECTIONAL 1/0! eed 
COMBINATORIAL 


OMC CONFIGURATION | CODE | 


FIXED OUTPUT - 


F(D), F (D) 


—z}--——___——- Fo 


OMC CONFIGURATION | CODE | 


FIXED tNPUT NS a 


NOTE: 

A factory shipped unprogrammed device is configured such that: 

This is the initial unprogrammed state. All cells are in a conductive state. 

All AND gates are pulled to a logic “0” (Low). 

Output polarity is inverting. 

Pins 1 and 11 are configured as inputs 0 and 9. The clock and OE functions are disabled. 

All Output Macro Cells (OMCs) are configured as bidirectional I/O, with the outputs disabled via the direction term. 

This configuration cannot be used if any OMCs are configured as registered (Code = D). The configuration cell will be automatically 


configured to ensure that the clock and output enable functions are enabled on Pins 1 and 11, respectively, if any one OMC is programmed 
as registered. 


CONFIGURATION CELL | CODE | 


PIN1=CLK 


PIN 11 = OE 


CONFIGURATION CELL | CODE | 


PIN 1 = INPUT 
PIN 11 = INPUT 


OnPanw- 
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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 
TEMPERATURE 


SYMBOL PARAMETER RATINGS UNIT 


; 4.5 to 5.5 (Industrial 
| Moo Operating supply voltage 4.75 to 5.25 icone nercal 
PVN Input voltage ~0.5 to Vcc + 0.5 
Output voltage -0.5 to Veco + 0.5 


Allowable thermalrise |] 3506 
ambient to junction 


Vec | 
VIN 
need —40 to +85 (Industrial) 
Operating temperature range 0 to +75 (Commercial) 
| Tage Storage temperature range —65 to +150 
NOTE: 


1. Stresses above those listed may cause malfuncion or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


AC TEST CONDITIONS VOLTAGE WAVEFORMS 


10% 
wWw——— 


sole i 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTE: 
C1 and Co are to bypass Vcc to GND. 


Input Pulses 
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DC ELECTRICAL CHARACTERISTICS 
Commercial = 0°C $ Tamp S$ +75°C, 4.75V < Voc $ §.25V; 
Industrial = —-40°C < Tamp $ +85°C, 4.5V < Voc $ 5.5V 


: LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN) | TYP! | MAX | UNIT 


r . Voc = MIN, lo, = 20nA 0.100 V 
OL a Voc = MIN, Io, = 24mA 0.500 V 


0.3 
2.0 

i Voc = MIN, loy = —3.2mA 2.4 V 

bt Voc = MIN, low = -20pA Vec — 0.1V V 


Output current 


= as 
lec Voc supply current (Standby) Voc = MAX, Vin = 0 or Voc ® ee ee ee 


Icc/f Voc supply current (Active)* Voc = MAX (CMOS inputs)®* & ee ee 


Capacitance 
Voc = 5V 


Se ee er ee aS ra 


. All typical values are at Voc = 5V, Tab = +25°C. 

. All voltage values are with respect to network ground terminal. 

. Duration of short-circuit should not exceed one second. Test one at a time. 

. Tested with TTL input levels: V;_ = 0.45V, Vi4 = 2.4V. Measured with all outputs switching. 
Aloc/TTL input = 2mA. 

. Alco vs frequency (registered configuration) = 2mA/MHz. 

. ty for Pin 1 (Io/CLK) is + 101A with Viy = 0.4V. 

. Vin includes CLK and OE if applicable. 


ie 


ONOMARWN = 


Pere alee yalled elle! 
+H 


4 6 
(MHz) 


0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Figure 1. Icc vs Frequency 
(Worst Case) 


Figure 2. Atpp vs Output 
Capacitance Loading (Typical) 
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AC ELECTRICAL CHARACTERISTICS 
Commercial = 0°C < Tamp $ +75°C, 4.75V < Voc < 5.25V; 


Industrial = 40°C < Tamp < +85°C, 4.5V < Voc < 5.5V; Ro = 3902 


PLC18V8Z35 PLC18V8ZIi 
1 
| TESTCONDITION! CONDITION | testconomont | (AS mercial) (industrial) 
SYMBOL PARAMETER UNIT 
is (oF) 


Pulse width 


Clock period 
tcp (Minimum CLK + CLK + 
tis + tcxo) 


| tex, | Clock width Low | width Low | CLK- | CLK- | CLK+ | | CLK+ | 


—e__|cecutth tow reset 
Input or feedback 


Input or feedback 


Propagation delay 


Delay from input 


Clock High to 
output valid 
access Time 


Product term 
enable to outputs ° 
off 


Active-High R = 1.5k 
Active-Low R = 550 


Product term 


: From Voy R = © 
disable to outputs OH 
off P | From Voi R = 200 


Pin 11 output 


i i From Voy R = 
disable High to OH 
outputs off From Vo, R = 200 


Pin 11 output 
enable to active 
output 


Active-High R = 1.5k 
-Active-Low R = 550 


ee 
is aT a a a a 


NOTES: 

1. Refer also to AC Test Conditions. (Test Load Circuit) 

2. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

3. Resistor values of 1.5k and 550Q provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level. 
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POWER-UP RESET 

In order to facilitate state machine design and Therefore, any OMC that has been registered OMC will also be set Low. The 
testing, a power-up reset function has been configured as a registered output will always programmed polarity of OMC will not affect 
incorporated in the PLC 18V8Z. All internal produce an Active-High on the associated the Active-High output condition during a 
registers will reset to Active-Low (logical “0”) output pin because of the inverted output system power-up condition. 

after a specified period of time (tppr). buffer. The internal feedback (Q) of a 

TIMING DIAGRAMS 


4s 4H tCKH tCKL 


mma 
sen X 


top1 


cone LLL eee -__ 


Switching Waveforms 


Voc 


oowns LLM yf, a 
“YA ___| \ 


4s 


NOTE: 
Diagram presupposes that the outputs (F) are enabled. The reset occurs regardless of the output condition (enabled or disabled). 


Power-Up Reset 
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TIMING DIAGRAMS (Continued) 


taRw 


ASYNCHRONOUS 
RESET INPUT 


taRD 


a IID 


tARR 
CLOCK 


Asynchronous Reset 


4 


SYNCHRONOUS 
PRESET INPUT 


REGISTERED 
OUTPUT 


Synchronous Preset 
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REGISTER PRELOAD FUNCTION the registers with predetermined states while out. The Q outputs of the registers will reflect 


(DIAGNOSTIC MODE ONLY) a super voltage is applied to Pins 11 and 6 data in as input via Fg_ 7 during preload. 

In order to facilitate the testing of state (Ig/OE and Is). (See diagram for timing and Subsequently, the register Q output via the 
machine/controller designs, a diagnostic sequence.) feedback path will reflect the data in as input 
mode register preload feature has been To read the data out, Pins 11 and 6 must be via Fo=7: 

incorporated into the PLC18V8Z series returned to normal TTL levels. The outputs, Refer to the voltage waveform for timing and 


device. This feature enables the user to load = Fy_7, must be enabled in order to readdata _—-voltage references. tp, = 10psec. 


REGISTER PRELOAD (DIAGNOSTIC MODE) 


Ig/OE 
(PIN 11) 


Ip/CLK 


(PIN 1) Pes 
[ PRELOADDATAIN, DATA IN PRELOAD DATA OUT = DATA OUT 


Fo_7 


aes WLLL, Ck 
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LOGIC PROGRAMMING 

The PLC18V8Z series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 
CUPL™ and PALASM@ 90 design software 
packages also support the PLC 18V8Z 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


OUTPUT POLARITY - (0, B) 


ACTIVELEVEL | CODE | 
INVERTING? 


“AND” ARRAY - (I, B) 


STATE 
DON'T CARE 


NOTE: 


PLC18V8Z logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SLICE only. The SLICE design 
package Is available, free of charge, to 
qualified users. 


With Logic programming, the AND/OR/Ex-OR 
gate input connections necessary to 
implement the desired logic function are 
coded directly from logic equations using the 


ACTIVELEVEL | CODE | 
NONINVERTING | HH | 


Program Table. Similarly, various OMC 
configurations are implemented by 
programming the Architecture Control bits 
AC1 and AC2. Note that the configuration cell 
is automatically programmed based on the 
OMC configuration. 


In this table, the logic state of variables |, P 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 


Ee 
eS | 


1. A factory shipped unprogrammed device is configured such that all cells are in a conductive state. 


ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) | 

The erasure characteristics of the PLC 18V8Z 
Series devices are such that erasure begins 
to occur upon exposure to light with 
wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lighting could erase a typical PLC 18V8Z in 
approximately three years, while it would take 
approximately one week to cause erasure 
when exposed to direct sunlight. If the 
PLC18V8Z is to be exposed to these types of 
lighting conditions for extended periods of 
time, opaque labels should be placed over 
the window to prevent unintentional erasure. 


ABEL is a trademark of Data I/O Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASNM is a registered trademark of AMD Comp. 
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The recommended erasure procedure for the 
PLC 18V8Z is exposure to shortwave 
ultraviolet fight which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 
15Wsec/cm2. The erasure time with this 


_dosage is approximately 30 to 35 minutes 


using an ultraviolet lamp with a 
12,000nW/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maxamum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 
7258Wsec/cm2). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 
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The maximum number of guaranteed 
erase/wnite cycles is 50. Data retention 
exceeds 20 years. 


PROGRAMMING/SOFTWARE 
SUPPORT 

Refer to Section 8 (Development Software) 
and Section 9 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


PROGRAMMABLE AND ARRAY 
36 ROWS X 72 COLUMNS 
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DESCRIPTION 

The PLC 18V8Z is a universal PAL® device 
featuring high performance and virtually 
zero-standby power for power sensitive 
applications. They are reliable, 
user-configurable substitutes for discrete 
TTL/CMOS logic. While compatible with TTL 
and HCT logic, the PLC18V8Z can also 
replace HC logic over the Vcc range of 4.5 to 
5.5V. 


The PLC 18V8Z is a two-level logic element 
comprised of 10 inputs, 74 AND gates 
(product terms) and 8 output Macro cells. 


- Each output features an “Output Macro Cell” 
which can be individually configured as a 
dedicated input, a combinatorial output, or a 
registered output with internal feedback. As a 
result, the PLC 18V8Z is capable of emulating 
all common 20-pin PAL devices to reduce 
documentation, inventory, and manufacturing 
costs. 


A power-up reset function and a Register 
Preload function have been incorporated in 
the PLC18V8Z architecture to facilitate state 
machine design and testing. 


With a standby current of less than 100HA 
and active power consumption of 
1.5mA/MHz, the PLC18V8Z is ideally suited 
for power sensitive applications in battery 
operated/backed portable instruments and 
computers. 


The PLC18V8Z is also processed to 
industrial requirements for operation over an 
extended temperature range of -40°C to 
+85°C and supply voltage of 4.5V to 5.5V. 


Ordering information can be found below. 


ORDERING INFORMATION 


20-Pin Ceramic Dual In-Line Package 


20-Pin Plastic Dual In-Line Package 300mil-wide (tpp = 25ns) 


300mil-wide with quartz window (tpp = 25ns) 
20-Pin Plastic Leaded Chip Carrier 350mil square (tpp = 25ns) 


FEATURES 


e 20-pin Universal Programmable Array 


Logic 
® Virtually Zero-Standby-power 


® Functional replacement for Series 20 
PAL devices . 
- lot = 24mA 


® High-performance CMOS EPROM cell 
technology 


— Erasable 
— Reconfigurable 
— 100% testable 


@ 25ns Max propagation delay (comm) 


® Up to 18 inputs and 8 input/output macro 
cells 


® Programmable output polarity 

®@ Power-up reset on all registers 

® Register Preload capability 

© Synchronous Preset/Asynchronous Reset 


© Security fuse to prevent duplication of 
proprietary designs 


® Design support provided using SLICE 
software development package and other 
CAD tools for PLDs 


® Available in 300mil-wide DIP with quartz 
window, plastic DIP (OTP) or PLCC (OTP) 


APPLICATIONS 


© Battery powered instruments 
®@ Laptop and pocket computers 
@ Industrial control 

® Medical Instruments 


® Portable communications equipment 


Commercial 


Industrial 


®PAL is a registered trademark of Advanced Micro Devices, Inc. 


January 27, 1992 
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OPERATING CONDITIONS ORDER CODE 


Temperature Range 


+ 5% Power Supplies 


Temperature Range 


+ 10% Power Supplies 


PIN CONFIGURATIONS 
N and FA Packages 


N = Plastic DIP (300mil-wide) 
FA = Ceramic DIP with Quartz Window (300mil-wide) 


A Package 


10/ 
I2 11 CLKV¢¢ F7 


19 


I8 GND I9/ Fo F1 
DE 


A = Plastic Leaded Chip Carrier 


PIN LABEL DESCRIPTIONS 
Bidirectional input/output 
Dedicated output 
Registered output 
(D-type flip-flop) 
Clock Input 
Output Enable 


Supply Voltage 
ND 


PLC18V8Z25N 


PLC18V8Z25FA 


PLC18V8Z25A 
PLC 18V8ZIAN 


PLC18V8ZIAFA 


PLC18V8ZIAA 
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LOGIC DIAGRAM 
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NOTES 


, respectively, via the configuration cell. The clock and 


All output macro celis (OMC) are configured as bidirectional /O, with the outputs disabled via the 
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in the unprogrammed or virgin state: 
All AND gate locations are pulled to a logic "0" (Low). 


All cells are in a conductive state. 
Output polarity is inverting. 
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PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION FUNCTIONAL DIAGRAM 


CROSS REFERENCE 
PIN | PLC 16R4 | 16R6 | 16R8 ben a oa sence 
NO. | 18V8z 16RP4 | 16RP6 | 16RPS 
16P2 | 14P4 | 12P6 | 10P8 
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ae 
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The Signetics state-of-the-art Floating-Gate devices prior to shipment to the customer. 

CMOS EPROM process yields bipolar Additionally, this allows Signetics to 

equivalent performance at less than extensively stress test, as well as ensure the 

one-quarter the power consumption. The threshold voltage of each individual EPROM 

erasable nature of the EPROM process cell. 100% programming yield is subsequently 

enables Signetics to functionally test the guaranteed. 

OUTPUT MACRO CELL (OMC) THE OUTPUT MACRO CELL 
(OMC) 
The PLC 18V8Z series devices have 8 

FROM AND individually programmable Output Macro 
mBRAY A TO ALL OMCs Cells. The 72 AND inputs (or product terms) 


from the programmable AND array are 
connected to the 8 OMCs in groups of 9. 
Eight of the AND terms are dedicated to logic 
functions; the ninth is for asynchronous 
direction control, which enables/disables the 
respective bidirectional I/O pin. Two product 
terms are dedicated for the Synchronous 
Preset and Asynchronous Reset functions. 


Each OMC can be independently 
programmed via 16 architecture control bits, 
AC1, and AC2, (one pair per macro cell). 
Similarly, each OMC has a programmable 
output polarity control bit (Xn). By configuring 
the pair of architecture control bits according 
to the configuration cell table, 4 different 
configurations may be implemented. Note 
that the configuration cell is automatically 
programmed based on the OMC 
configuration. 


DESIGN SECURITY 

The PLC18V8Z series devices have a 
programmable security fuse that controls the 
access to the data programmed in the 
device. By using this programmable feature, 
proprietary designs implemented in the 
device cannot be copied or retrieved. 


NOTE: 
Denotes a programmable cell location. 
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CONFIGURATION CELL 

Asingle configuration cell controls the 
functions of Pins 1 and 11. Refer to 
Functional Diagram. When the configuration 
cell is programmed, Pin 1 is a dedicated 
clock and Pin 11 is dedicated for output 
enable. When the configuration cell is 
unprogrammed, Pins 1 and 11 are both 
dedicated inputs. Note that the output enable 


FUNCTION 


for all registered OMCs is common—from Pin 
11 only. Output enable control of the 
bidirectional I/O OMCs is provided from the 
AND array via the direction product term. 


If any one OMC is configured as registered, 
the configuration cell will be automatically 
configured (via the design software) to ensure 
that the clock and output enable functions are 


CONTROL CELL CONFIGURATIONS 
PAC | ACN |CONFIG. CELL COMMENTS 
Bidirectional I/O mode’ Unprogrammed Unprogrammed Unprogrammed 


Fixed input mode Unprogrammed Unprogrammed Pins 1 and 11 are dedicated inputs. 


Pins 1 and 11 are dedicated inputs. The 
Unprogrammed Unprogrammed | feedback path (via Fyyx) is disabled, 


1. This is the virgin state as shipped from the factory. 


ARCHITECTURE CONTROL—AC1 and AC2 


e 


OMC CONFIGURATION | CODE | 
REGISTERED (D-TYPE) Pe | 


OMC CONFIGURATION | CODE | 
FIXED INPUT as 


NOTE: 


F(B), F (B) 


OMC CONFIGURATION 


BIDIRECTIONAL 1/0! 
COMBINATORIAL 


CONAGURATION CELL 


PIN 1= CLK 
PIN 11 = OE 


A factory shipped unprogrammed device is configured such that: 


Output polarity is inverting. 


Onhwn> 
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This is the initial unprogrammed state. All cells are in a conductive state. 
All AND gates are pulled to a logic “O" (Low). 


Pins 1 and 11 are configured as inputs 0 and 9. The clock and OE functions are disabled. 
All Output Macro Cells (OMCs) are configured as bidirectional I/O, with the outputs disabled via the direction term. 
This configuration cannot be used if any OMCs are configured as registered (Code = D). 
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enabled on Pins 1 and 11, respectively. If 
none of the OMCs are registered, the 
configuration cell will be programmed such 
that Pins 1 and 11 are dedicated inputs. The 
programming codes are as follows: 


Pin 1 = CLK, Pin 11 = OE 
Pin 1 and Pin 11 = Input re 


Dedicated clock from Pin 1. OE Control 
for all registerd OMCs from Pin 11 only. 


Pins 1 and 11 are dedicated inputs. 
3-State control from AND array only. 


Ss 
$ ) » >o—— F(O), F (©) 


OMC CONFIGURATION | CODE | 


FIXED OUTPUT hao | 


SP 
A 


CONFIGURATIONCELL | CODE | 


PIN 1 = INPUT Ho 
PIN 11 = INPUT 
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ABSOLUTE MAXIMUM RATINGS! . THERMAL RATINGS : 


SYMBOL PARAMETER RATINGS | UNIT TEMPERATURE 


Voc Operating supply voltage 4.75 to 5.25 (Commercial) Voc 
Allowable thermal rise 75°C 
VIN Input voltage O0.5toVeo+05 | ambient to junction _ 
Output voltage -0.5 to Veg + 0.5 | 


T Operating temperature range nae WO feo ncustial) 
amo P gfemp g 0 to +75 (Commercial) 
Storage temperature range —65 to +150 


NOTE: ~ 

1. Stresses above those listed may cause malfuncion or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 


AC TEST CONDITIONS VOLTAGE WAVEFORMS 


+3.0V —— — — 


OUTPUTS ; 
MEASUREMENTS: 

All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTE: 


Cy and Co are to bypass Vo¢ to GND. Input Pulses 
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DC ELECTRICAL CHARACTERISTICS 
Commercial = 0°SC < Tam S$ +75°C, 4.75V < Voc $ 5.25V; 
Industrial = —-40°C < Tamp $ +85°C, 4.5V < Voc < 5.5V 


SYMBOL | — PARAMETER | TEST CONDITION 


Input voltage 
OW . Vec = MIN 
Vin Voc = MAX 


Output voltage 


d 
= 


Voi Low 


Vv Vec = MIN, lou =—3.2mA 
2 Voc = MIN, Ion = —20nA 


In Low? Vin = GND 


Output current 


Vout = V 
won | wes | Nr 
lec Voc supply current (Standby) Voc = MAX, Vin = 0 or Voc 8 


Vcc supply current (Active)* Vcc = MAX (CMOS inputs)® © 


Capacitance 
Voc = 5V 
Vin = 2.0V 


Vp = 2.0V 


iid 
m 
e 


Oo 

. All typical values are at Voc = 5V, Tamp = +25°C. 

. All voltage values are with respect to network ground terminal. 

. Duration of short-circuit should not exceed one second. Test one at a time. 

. Tested with TTL input levels: Vi_ = 0.45V, V4 = 2.4V. Measured with all outputs switching. 
Alcc/TTL input = 2mA. : 

. Alcc vs frequency (registered configuration) = 2mMA/MHz. 

. ty for: Pin 1 (Ip/CLK) is + 102A with Viy = 0.4V. 

. Vin includes CLK and OE if applicable. 


ONOMNhWNM= gy 


~" @ 20 40 60 80 100 120 140 160 180 200 


f(MHz) OUTPUT CAPACITANCE LOADING (pF) 


Figure 1. Icc vs Frequency 


Figure 2. Atpp vs Output Capacitance 
(Worst Case) 


Loading (Typical) 
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AC ELECTRICAL CHARACTERISTICS 
Commercial = 0°C $ Tamp S$ +75°C, 4.75V < Voc < 5.25V; 


Industrial = —40°C < Tamp $ +85°C, 4.5V < Voc < 5.5V; Ro = 3902 


| PLC18V8Z25 PLC18V8ZIA 
TEST CONDITION’ (Commercial) (Industrial) 
SYMBOL PARAMETER TO 


Cc UNIT 
oh | mm J max | woe | wax 
Pulse width 
Clock period 


eer [ockwamtign fake fax. | am [s|«e] |*e| |w_ 
[ou | Gockwiemtow _fox- [ox | |#}s|] |«| || 
wm _[Asrcresetpusowah [ise fimest | fst tat |w 


input or feedback 
Input or feedback 


Propagation delay . 
Delay from input ) 
Ee fe 
Product term enable to I+ Ft F+ Active-High R = 1.5k 
outputs off cles a Active-Low R = 550 
Product term disable to From Voy R =< 


Pin 11 output enable to OF E+ Active-High R = 1.5k 
active output a cs Active-Low R = 550 
[+ 


+ Ft 
_[e 
Tem | Sr pesctocovryine | tre | cue | «did 
on [Powervprest | vow | fF» | + -| ti [sp 
fine [Masivomtoqueney [Waving > » |.» | |» [we] 


NOTES: 

1. Refer also to AC Test Conditions. (Test Load Circuit) 

2. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C_ = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. 

3. Resistor values of 1.5k and 550Q provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level. 

4. Leave all the cells on unused product terms intact (unprogrammed) for all patterns. 
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POWER-UP RESET | nee 3 

In order to facilitate state machine design and Therefore, any OMC that has been registered OMC will also be set Low. The 
testing, a power-up reset function has been configured as a registered output will always programmed polarity of OMC will not affect 
incorporated in the PLC18V8Z. All internal produce an Active-High on the associated the Active-High output condition during a 
registers will reset to Active-Low (logical “O”) output pin because of the inverted output system power-up condition. 

after a specified period of time (tpp,). buffer. The internal feedback (Q) of a 

TIMING DIAGRAMS 


us oH tCKH tCKL 


tog? ' 


tcKO top2 
REGISTERED fa 3-STATE 
OUTPUTS 


ssusultt®S LLL 


tp 


Commas CLL 


Switching Waveforms 


Vcc ov 


PPR 
(outputs) Yj Yj, F asv 


“UA | -\ 


4s 


NOTE: 
Diagram presupposes that the outputs (F) are enabled. The reset occurs regardless of the output condition (enabled or disabled). 


Power-Up Reset 
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TIMING DIAGRAMS (Continued) 


taRW 
ASYNCHRONOUS 
RESET INPUT 


taRD 


muss \/ NZ NZD 


tARR - 
CLOCK 


Asynchronous Reset 


SYNCHRONOUS 
PRESET INPUT 


REGISTERED 
OUTPUT 


Synchronous Preset 
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REGISTER PRELOAD FUNCTION 
(DIAGNOSTIC MODE ONLY) 

In order to facilitate the testing of state 
machine/controller designs, a diagnostic 
mode register preload feature has been 
incorporated into the PLC 18V8Z series 
device. This feature enables the user to load 


the registers with predetermined states while 
a super voltage is applied to Pins 11 and 6 
(I9/OE and |5). (See diagram for timing and 
sequence.) 


To read the data out, Pins 11 and 6 must be 
returned to normal TTL levels. The outputs, 
FO — F7, must be enabled in order to read 


REGISTER PRELOAD (DIAGNOSTIC MODE) 


(PIN 1) 
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data out. The Q outputs of the registers will 
reflect data in as input via FO — F7 during 
preload. Subsequently, the register Q output 
via the feedback path will reflect the data in 
as input via FO — F7. 


Refer to the voltage waveform for timing and 
voltage references. tp, = 10sec. 


| 
a ae 
PRELOAD DATA IN PRELOAD DATA OUT a DATA OUT 


yyy 
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LOGIC PROGRAMMING 

The PLC18V8Z series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 
CUPL™ and PALASM@ 90 design software 
packages also support the PLC18V8Z 
architecture. 


PLC18V8Z logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SLICE only. The SLICE design 
package is available, free of charge, to | 
qualified users. 


With Logic programming, the AND/OR/Ex-OR 
gate input connections necessary to 


Program Table. Similarly, various OMC 
configurations are implemented by 
programming the Architecture Control bits 
AC1 and AC2. Note that the configuration cell 
is automatically programmed based on the 
OMC configuration. 


In this table, the logic state of variables |, P 
and B associated with each Sum Term S is 


All packages allow Boolean and state assigned a symbol which results in the proper 


equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


OUTPUT POLARITY - (0, B) 


ACTIVELEVEL | CODE | 
INVERTING! 


i,B 
i,B 
“G LB 
p 
| CODE | 


STATE 
DONTCARE | - | 


NOTE: 
1. A factory shipped unprogrammed device is configured such that all cells are in a conductive state. 


ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PLC18V8Z 
Series devices are such that erasure begins 
to occur upon exposure to light with 
wavelengths shorter than approximately 
4000 Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lighting could erase a typical PLC18V8Z in 
approximately three years, while it would take 
approximately one week to cause erasure 
when exposed to direct sunlight. If the 
PLC18V82Z is to be exposed to these types of 
lighting conditions for extended periods of 
time, opaque labels should be placed over 
the window to prevent unintentional erasure. 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Comp. 
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implement the desired logic function are 


coded directly from logic equations using the 


ACTIVE LEVEL | CODE | 
NONINVERTING | H_ | 


STATE 
INACTIVE 


The recommended erasure procedure for the 
PLC18V8Z is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 
15Wsec/cm?. The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,000,.W/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 
7258Wsec/cm2). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 
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fusing pattern of corresponding link pairs, 
defined as follows: 


The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 


PROGRAMMING/SOFTWARE 
SUPPORT 

Refer to Section 8 (Development Software) 
and Section 9 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 
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ACTIVE OUTPUT 
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AniTy; | {| [| [_— | 
OE t | 
H | 


INPUT 


CLK; PIN 11 


LINVERTNG | L | 
CONAG. CELL’ 
PIN 
PIN 1, PIN 11 


* THE CONFIGURATION CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE. 


** FOR SP, AR: “—” IS NOT ALLOWED. 


D-TYPE) 
BIDIRECTIONAL 1/0 


FIXED OUTPUT 


REGISTERED 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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PLUS16R8D/-7 SERIES 


FEATURES 
® Ultra high-speed 
- tpp = 7.5ns and fax = 74MHz for the 
PLUS16R8-7 Series 
— tpp = 10ns and fyax = 60 MHz for the 
PLUS16R8D Series 


® 100% functionally and pin-for-pin 
compatible with industry standard 20-pin 
PAL@ ICs 


® Power-up reset function to enhance state 
machine design and testability 


® Design support provided via SLICE and 
other CAD tools for Series 20 PAL devices 


® Field-programmable on industry standard 
programmers 


® Security fuse 


® |ndividual 3-State control of all outputs 


PLUS16L8 


PLUS16R6 
PLUS16R4 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE | 


20-Pin Plastic Dual-In-Line 
300mil-wide 


20-Pin Plastic Leaded Chip Carrier (PLCC) 


NOTE: 


The PLUS16XX series of devices are also processed to military requirements for operation over 


DESCRIPTION 

The Signetics PLUS16XxX family consists of 
ultra high-speed 7.5ns and 10ns versions of 
Series 20 PAL devices. 


The PLUS16XxX family is 100% functional 
and pin-compatible with the 16L8, 16R8, 
16R6, and 16R4 Series devices. 


The sum of products (AND-OR) architecture 
is comprised of 64 programmable AND gates 
and 8 fixed OR gates. Multiple bidirectional 
pins provide variable input/output pin ratios. 
Individual 3-State control of all outputs and 
registers with feedback (R8, R6, R4) is also 
provided. Proprietary designs can be 
protected by programming the security fuse. 


The PLUS16R8, R6, and R4 have D-type 
flip-flops which are loaded on the Low-to-High 
transition of the clock input. 


In order to facilitate state machine design and 
testing, a power-up reset function has been 


DEVICE NUMBER DEDICATED COMBINATORIAL REGISTERED 
INPUTS OUTPUTS OUTPUTS 


PLUS16R8DN 
PLUS16R6DN 
PLUS16R4DN 
PLUS16L8DN 
PLUS16R8-—7N 
PLUS16R6—7N 
PLUS16R4—7N 
PLUS16L8—7N 


PLUS16R8DA 
PLUS16R6DA 
PLUS16R4DA 
PLUS16L8DA 
PLUS16R8—7A 
PLUS16R6-—7A 
PLUS16R4-7A 
PLUS16L8~-7A 


the military temperature range. For specifications and ordering information, consult the Signetics 


Military Data Book. 


®PAL is a registered trademark of Advanced Micro Devices, Inc. 
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incorporated into these devices to reset all 
internal registers to Active-Low after a 
specific period of time. 


The Signetics State-of-the-Art oxide isolation 
Bipolar fabrication process is employed to 
achieve high-performance operation. 


The PLUS16XX family of devices are field 
programmable, enabling the user to quickly 
generate custom patterns using standard 
programming equipment. See the 
programmer chart for qualified programmers. 


The SLICE software package from Signetics 
supports easy design entry for the 
PLUS16XX series as well as other PLD 
devices from Signetics. The PLUS16XX 
series are also supported by other standard 
CAD tools for PAL-type devices. 


Order codes are listed in the Ordering 
Information table. 


853-1358 06071 
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PIN CONFIGURATIONS 
PLUS16L8 PLUS16R8 


za 


Iles 


BEHGHoE 


a 


qs 


PLUS16L8 PLUS16R8 


11 lo Voc 07 Iy Ig CLK Vcc Q7 


|2|—F 

OR OUTPUTS 

fea ARRAY & 
[11] [12] 


OUTPUTS 
Ig 5 14 Q2 
ae a coos a 
heyy [2] [33] old ia 


Ig GND Ig Op By 17 GND OE GQ Q; 


4 | 18] Qg 


a ARRAY 


DESCRIPTION SYMBOL DESCRIPTION 

Dedicated Input Dedicated Input 

Dedicated combinatorial Output Dedicated combinatorial Output 
Registered output Registered output 

Bidirectional (input/output) Bidirectional (input/output) 
Clock input Clock input 

Output Enable Output Enable 

Supply Voltage Supply Voltage 

Ground Ground 
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PIN CONFIGURATIONS 


PLUS16R6 PLUS16R4 
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lo CLK Vcc B7 
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SYMBOL DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (input/output) 
Clock input 
Output Enable 
Supply Voltage 
Ground 


DESCRIPTION | 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 
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LOGIC DIAGRAM PLUS16L8 
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NOTES: 
1. 
2. 
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LOGIC DIAGRAM 
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INPUTS (0-31) 


NOTES: 
1. 
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NOTES: 
1. All unprogrammed or virgin "AND" gate locations are pulled to logic "0". 
2. 35: Programmable connections. 
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16L8, 16R8, 16R6, 16R4 


PLUS16R8D/-7 SERIES 


FUNCTIONAL DESCRIPTIONS 

The PLUS16XX series utilizes the familiar 
sum-of-products implementation consisting of 
a programmable AND array and a fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 


The PLUS16XxX series consists of four 
PAL-type devices. Depending on the 
particular device type, there are a variable 
number of combinatorial and registered 
outputs available to the designer. The 

PLUS 16L8 is a combinatorial part with 8 user 
configurable outputs (6 bidirectional), while 
the other three devices, PLUS16R8, 
PLUS16R6, PLUS16R4, have respectively 8, 
6, and 4 output registers. 


3-State Outputs 

The PLUS16XX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 


AND ARRAY - (I, B) 


[state [600 
[iwactves®? | 0 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


ABEL is a trademark of Data /O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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(Qn) are controlled by an external input 
(/OE), and the combinatorial outputs (On, Bn) 
use a product term to control the enable 
function. 


Programmable Bidirectional Pins 
The PLUS16XX products feature variable 
Input/Output ratios. In addition to 8 dedicated 
inputs, each combinatorial output pin of the 
registered devices can be individually 
programmed as an input or output. The 
PLUS16L8 provides 10 dedicated inputs and 
6 Bidirectional I/O lines that can be 
individually configured as inputs or outputs. 


Output Registers 

The PLUS16R8 has 8 output registers, the 
16R6 has 6, and the 16R4 has 4. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to-High transition of the 
clock input. These output registers are 
capable of feeding the outputs of the 
registers back into the array to facilitate 
design of synchronous state machines. 


Power-up Reset 
By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLUS16R8, R6, R4 


82 


enhance state machine design and 
initialization capability. 


Software Support 

Like other Programmable Logic Devices from 
Signetics, the PLUS16XX series are 
supported by SLICE, the PC-based software 
development tool from Signetics. The 
PLUS16XX family of devices are also 
supported by standard CAD tools for PAL 
devices, including ABEL and CUPL. 


SLICE is available free of charge to qualified 
users. 


Logic Programming 

The PLUS16XxX series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 
CUPL™ and PALASM@ 90 design software | 
packages also support the PLUS16XX 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


[sate | CODE ] 
[pontcane [ - | 
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16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES 
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


| RATINGS 
SYMBOL PARAMETER | MIN 


a 
re 
ost | Oupteurens 


5 
Storage temperature range 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 
SYMBOL PARAMETER | oMIN- =| MAX | UNIT 


Operating free—air temperature : 
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DC ELECTRICAL CHARACTERISTICS 
O°C < Tam S +75°C, 4.75 < Voce $5.25V 


LIMITS | 
SYMBOL PARAMETER TEST CONDITIONS Twin | typ! | MAX UNIT 


Input voltage* 


Vit Low Voc = MIN V 
Via High Voc = MAX V 
Vic Clamp Voc = MIN, lin = -18MA -0.8 V | 


Output voltage 
Voc = MIN, Viq = Vig or Vip 
eee LEE 
Vou High lon = 3.2 MA V 


Voc = MAX 
hie Low? Vin = 0.40V pA 
hie High? Vin =2.7V pA 
I Maximum input current Vin = Voc = Vecmax pA 
Output current 
lozH Output leakage 
loz Output leakage eH 
los Short circuit 4:5 


a 


Capacitance® 
Cry Input Voc = 5V 
see deh fe 
V/O (B) Vout = 2V, f = 1MHz 8 pF 
NOTES: 


1. All typical values are at Voc = 5V, Tanb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Leakage current for bidirectional pins is the worst case of I. and loz, of Ii and Iozy. 
4. Test one ata time. 

5. Duration of short circuit should not exceed 1 second. 

6. These parameters are not 100% tested but periodically sampled. 
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AC ELECTRICAL CHARACTERISTICS 
R, = 2002, Ro = 390, 0°C < Tam $ +75°C, 4.75 $ Voc < 5.25V 


LIMITS 


Pulse Width 


ee 


toKL Clock Low 


| CleckLow | ee ee ee 
ee a AL SD 


Setup & Hold time 
Input or 
Input or 


Propagation delay 


st (16R8, R6, R4) 
No feedback 1/ (tex, + toxy)® 


Internal feedback 1/ (tig + texr)® 


External feedback 1/ (tis + texo)® 


For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: 

CL = OpF while measuring minimum output delays. 

tpp test conditions: CL = 50pF (with jig and scope capacitance), Vy, = 3V, Ve = OV, Vou = Voy = 1.5V. 

tcxr was calculated from measured Internal fax. 

For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, _ 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V1 = (Voy + 0.5V) level with S, closed. 

5. Same function as tog; and top1, with the difference of using product term control. 

6. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the 
frequency. 


* 


ON = 
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TEST LOAD CIRCUIT 


C and Co are to bypass Vcc to GND. 


OUTPUT REGISTER SKEW 


Qn 
(REGISTERED OUTPUT) 


Qn +1 
(REGISTERED OUTPUT) 


CLOCK TO FEEDBACK PATH 
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TIMING DIAGRAMS!: 2 TIMING DEFINITIONS 


1.5V 


tCKL 


Required delay between 
beginning of valid input and 
positive transition of clock. 


cK 


us tck 
(REGISTERED OUTPUTS) WN WY wv W 
‘cxa 


CE 1.5V 


es 


Flip-Flop Outputs 


Required delay between 
positive transition of clock and 
end of valid input data. 


Delay between positive 
transition of clock and when 
internal Q output of flip-flop 
becomes valid. 


Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
0,8 Output Enable High and when 
seaman outputs are in the Off-State. 


Delay between predefined 
Output Enable High, and 

when combinational outputs 
become valid. 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 

the Off-State. 


Delay between Voc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at *O”). 


Gate Outputs 


Propagation delay between 
combinational inputs and 
outputs. 


ov 


Q 
(REGISTERED 1.5V 
OUTPUTS) 


VoL FREQUENCY DEFINITIONS 


No feedback: Determined by 
the minimum clock period, 
(text + texH)- 

Internal feedback: 
Determined by the internal 
delay from flip-flop outputs 


‘s +3V 
(INPUTS) 
ov 


+3V 


through the internal feedback 
and array to the flip-flop 
inputs, 1/(tis + tcxe). 

External feedback: 
Determined by clock-to-output 
delay and input setup time, 
1/(tis + tcko). 


ov 


ts,tcK 


Power—Up Reset 


NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.5ns. 
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PROGRAMMING/SOFTWARE | 
Refer to Section 8 (Development Software) and Section 9 ( Third-Party Programmer/Software Support) of this data handbook for additional 
information. . 


SNAP RESOURCE SUMMARY DESIGNATIONS 


SDINPAL?: 


SNINPALZ: 


PLUS16L8 


Q7 
PLUS16R8 
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SNAP RESOURCE SUMMARY DESIGNATIONS (Continued) 
| | | | 0-17 | | CLK | | OE 


a |_| 
BO, B7 Q1-a6 
PLUS16R6 
| | w-i7 | | CLK | | OE 


PROGRAMMABLE AND ARRAY 


PLUS16R4 
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PLQ16R8-5 SERIES 


FEATURES 
® Ultra high-speed 
- tpp = 5ns and fyax = 118MHz 


® 100% functionally and pin-for-pin 


compatible with industry standard 20-pin 
PAL® ICs 


® Power-up reset function to enhance state 
machine design and testability 


® Design support provided via SLICE and 
other CAD tools for Series 20 PAL devices 


@ Field-programmable on industry standard 
programmers 


® Security fuse 

® Individual 3-State control of all outputs 
® Register Preload for testability 

® Power-up 3-State 

@ 20-Pin DIP and 20-Pin PLCC 


PLQI16L8 


PLQ16R6 
PLQ16R4 


ORDERING INFORMATION 


DESCRIPTION 

The Signetics PLQ16XX family consists of 
ultra high-speed 5ns versions of Series 20 
PAL devices. 


The PLQ16XX family is 100% functional and 
pin-compatible with the 16L8, 16R8, 16R6, 
and 16R4 Series devices. 


The sum of products (AND-OR) architecture 
is comprised of 64 programmable AND gates 
and 8 fixed OR gates. Multiple bidirectional 
pins provide variable input/output pin ratios. 
Individual 3-State control of all outputs and 
registers with feedback (R8, R6, R4) is also 
provided. Proprietary designs can be 
protected by programming the security fuse. _ 


The PLQ16R8, R6, and R4 have D-type 
flip-flops which are loaded on the Low-to-High 
transition of the clock input. 


In order to facilitate state machine design and 
testing, a power-up reset function has been 
incorporated into these devices to reset all 
internal registers to active-Low after a 
specific period of time. 


The Signetics State-of-the-Art BICMOS 
process, known as QUBIC, has been 


DEVICE NUMBER DEDICATED COMBINATORIAL REGISTERED 
INPUTS OUTPUTS OUTPUTS 


DESCRIPTION ORDER CODE 


20-Pin Plastic Dual-In-Line 
300mil-wide 


20-Pin Plastic Leaded Chip Carrier (PLCC) 


NOTE: 


PLQ16R8—-5N 
PLQ16R6—5N 
PLQ16R4—5N 
PLQ16L8—5N 


PLQ16R8-5A 
PLQ16R6—-5A 
PLQ16R4—5SA 
PLQ16L8-5A 


The PLAT 6XX series of devices are also processed to military requirements for operation over 
the military temperature range. For specifications and ordering information, consult the 


Signetics Military Data Handbook. 


®PAL is a registered trademark of Advanced Micro Devices, Inc. 
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employed to achieve higher levels of 
operating performance for the PLQ16XX 


. family of PLDs. The QUBIC transistors have 


been optimized to provide two-thirds more 
speed at less than half the power consumed 
from products using our last generation of 
bipolar technology. QUBiC reduces on-chip 
delays and provides high output drive 
currents while consuming power at very low 
levels. 


The PLQ16XX family of devices are field 
programmable, enabling the user to quickly 
generate custom patterns using standard 
programming equipment. See the 
programmer section for qualified 
programmers. 


The SLICE software package from Signetics 
supports easy design entry for the PLQ16XX 
series as well as other PLD devices from 
Signetics. The PLQ16XX series are also 
supported by other standard CAD tools for 
PAL-type devices. 


Order codes are listed in the Ordering 
Information table. 
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PIN CONFIGURATIONS | 
 PLQI6L8 PLQI6R8 


<q: 


PLQ16R8 


lg CLK Voc Q7 


lg GND Ig Op By 


DESCRIPTION 

Dedicated Input _ 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 
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PIN CONFIGURATIONS 
PLQ16R6 PLQ16R4 


i) 
‘i 


> 


PLQ16R6 PLQ16R4 


fg CLK Vcc B7 lg CLK Vcc B7 


3—| 

OR | OUTPUTS 

ARRAY ie 
j11 || 12] 


a 

a 

Ig ae : 14 Q2 

re os ee 
og he 


ty GND OE Bo Q, l7 GND OE Bo By 


115] Qg 
ce 


DESCRIPTION DESCRIPTION 

Dedicated Input Dedicated Input 

Dedicated combinatorial Output Dedicated combinatorial Output 
Registered output Registered output 

Bidirectional (input/output) Bidirectional (input/output) 
Clock input Clock input 

Output Enable Output Enable 

Supply Voltage Supply Voltage 

Ground Ground 
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LOGIC DIAGRAM | PLQ16L8 
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NOTES: 
1. 


March 16, 1992 93 


Preliminary specification 


PLQ16R8-5 SERIES 


-PLQ16R8 


16L8, 16R8, 16R6, 16R4 


PAL devices — 


Philips Semiconductors—Signetics Programmable Logic Devices 


ae aati 


& OS MIS SD NS BS Fea |__| eg eee SAR Re we 
88 385 Bs BS ei BS BF AAR A ND 28 38 38 85 8S 3 235 GREED GUND URN $2 23 St I! SS RS 1S a= CS GUS DAREN RRS 233 S21 Se REI RS 8B SB 38 Ss B8 BS 


es =e ie 
$3) Sh ES MR S88 an 
Fe ee oll 


(GRR MRDEAD NUNES 2255 5 eS eS SRN SS SRE ER SS Se BS I 
af) )6h6UnndhUn 


fee TL 


SRS NS UI SS a OT SP NR 2S FR SS SS SRS 
RRR RN RN £353 3 SS SE 5 Ss SS ES MR Ss FR 3B 8S 
RRS Ss 5S A Ss PM Sk Ss ASS MM M5 2 SA 


a 


$m GUNN 2555102 96 
5S BUDE ORR 35 5S 55. SE SS TE AS MM St SS 3 SESE CS HS NN MN NN Si SE 8S SSE 8S SS 
lg ae MRR RAR 252s SCR Ak 2S SS SM 28 SS A 


ON Si eeees See ae ae 


R 
tt Peete EEE Ey TT 
225 Sh RAND MAR RRS 235 3 SR 8 A SS 02 


Co 
nin 


INPUTS (0-31) 
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A\| unprogrammed or virgin “AND” gate locations are pulled to logic “0”. 


322 Programmable connections. 
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LOGIC DIAGRAM 
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INPUTS (0-31) 


NOTES: 


. All unprogrammed or virgin “AND" gate locations are pulled to logic "0". 


. 2: Programmable connections. 
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LOGIC DIAGRAM PLQ16R4 
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INPUTS (0-31) 


NOTES: 
1. All unprogrammed or virgin "AND" gate locations are pulled to logic “0”. 
2. = Programmable connections. 
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FUNCTIONAL DESCRIPTIONS 
The PLQ16XX series utilizes the familiar 


sum-of-products implementation consisting of 


a programmable AND array and a fixed OR 


array. These devices are capable of replacing 


an equivalent of four or more SSI/MSI 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 


The PLQ16XxX series consists of four 
PAL-type devices. Depending on the 
particular device type, there are a variable 
number of combinatorial and registered 
outputs available to the designer. The 
PLQ16L8 is a combinatorial part with 8 user 
configurable outputs (6 bidirectional), while 
the other three devices, PLQ16R8, 
PLQ16R6, PLQ16R4, have respectively 8, 6, 
and 4 output registers. 


3-State Outputs 

The PLQ16XX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 
(Qn) are controlled by an external input 


(/OE), and the combinatorial outputs (On, Bn) 


use a product term to control the enable 
function. 


AND ARRAY - (1, B) 


[stare | CODE 
[—wactve®? | 0 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All P, terms are disabled. 


2. All P, terms are active on all outputs. 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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Programmable Bidirectional Pins 
The PLQ16XX products feature variable 
Input/Output ratios. In addition to 8 dedicated 
inputs, each combinatorial output pin of the 
registered devices can be individually 
programmed as an input or output. The 
PLQ16L8 provides 10 dedicated inputs and 6 
Bidirectional |/O lines that can be individually 
configured as inputs or outputs. 


Output Registers 

The PLQ16R8 has 8 output registers, the 
16R6 has 6, and the 16R4 has 4. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to-High transition of the 
clock input. These output registers are 
capable of feeding the outputs of the 
registers back into the array to facilitate 
design of synchronous state machines. 


Power-up Reset 

By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLQ16R8, R6, R4 
enhance state machine design and 
initialization capability. 


Register Preload 

Preload function allows the register to be 
loaded from the output pins. This feature 
allows functional testing of sequential 
patterns by loading output states. 


_ ie 
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PLQ16R8-5 SERIES 


Power-up 3-State 


~All outputs will be disabled when Voc is 


3.0V + 20% (25°C). This special feature 
keeps outputs 3-Stated during power-up. 
Only when Vcc reaches its normal operating 
range will device function normally. 


Software Support 

Like other Programmable Logic Devices from 
Signetics, the PLQ16XX series are supported 
by SLICE, the PC-based software 
development tool from Signetics. The 
PLQ16XxX family of devices are also 
supported by standard CAD tools for PAL 
devices, including ABEL and CUPL. 


SLICE is available free of charge to qualified 
users. x 3 


Logic Programming 

The PLQ16XX series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 
CUPL™ and PALASM® 90 design software 
packages also support the PLQ16XX 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


[state [ OnE] 
Ppowrcare | - 


Philips Semiconductors—Signetics Programmable Logic Devices Preliminary specification 


PAL devices 
16L8, 16R8, 16R6, 16R4 
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THERMAL RATINGS 


ABSOLUTE MAXIMUM RATINGS! 


| RATINGS 
SYMBOL PARAMETER 


Tin | rouvotage «dae 
vo | Oupurvotegs Ye 
159 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. . 


TEMPERATURE 


Allowable thermal rise 
ambient to junction 75°C 


OPERATING RANGES 


| RATINGS | 
SYMBOL PARAMETER | MAX | UNIT 


an 
tae | Operaingteoarensonne [0 | ws | "0 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tam < +75°C, 4.75V < Voc < 5.25V 


, | LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | Typ! | MAX | UNIT 


= ee 
Voc = MIN | Vv 
High Voc = MAX 
are voltage | 


Voc = MIN, Viy = Viy or Vi. _ 
VoL Low lo, = 24mA peti 
Vou High lon = 3.2 mA Vv 
pA 
pA 
pA 
Output leakage = 2. 
Output leakage = 0. 
Short circuit 4 5 —130 
a 


Capacitance® | 
8 pF 
8 pF 


Voc = MAX 
Vin = 0.40V 
Vin =2.7V 

Vin = 5.5V, Veg = MAX 


Low? 
High? 


Maximum input current 


Voc = 5V 
Vout = 2.0V 
Vout = 2V, f = 1MHz 


Cin Input 
I/O (B) 
Moree: 


1. All typical values are at Voc = 5V, Tanb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Leakage current for bidirectional pins is the worst case of I, and loz; or Iyy and Iozy. 
4. Test one ata time. 

5. Duration of short circuit should not exceed 1 second. 

6. These parameters are not 100% tested but periodically sampled. 
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AC ELECTRICAL CHARACTERISTICS 
Ry = 200, R2 = 3900, 0°C < Tam $ +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TO 


Pulse Width 


Tico | Geckhigh —SSs=~=“*dSOCiSC“‘i*dSC“‘éOUKSO™CDS OTC 

Pioa | Cockiw ——SSC=“‘L’SUK CK] eo || 
Setup & Hold time : 

Pts | mot SSSCSC~S~*™C tote [KYO 

SO 


Ce 

a OS 
ee 

a 
ee 

wae: 


too. | Output disable* | OE Output disable 
| tone | Output disable*.5 a aa Output disable 


ns 
—_ 
ee 
mee 
_ 


Frequency (16R8, R6, R4) 


No feedback 1/ (tex. + toxy)® 
Internal feedback 1/ (tis + texr)® 
External feedback 1/ (tis + texo)® 


* For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: : 

1. CL =O0pF while measuring minimum output delays. 

2. tpp test conditions: C, = SOpF (with jig and scope capacitance), Vj4 = 3V, Vit = OV, Vox = Vor = 1.5V. 

3. tcxr was calculated from measured Internal fyax. 

4. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of Vz = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vz = (Vo, + 0.5V) level with S, closed. 
Same function as tog; and top), with the difference of using product term control. 

Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the 
frequency. 


ee 
ane a 
Bee ee 
ee 
a 
peo | ns | 
ee ee 
oe ae 
ee ae 
Ce 


OO 
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TEST LOAD CIRCUIT 


ca aad 

| 

me 
| 
| 


INPUTS © 


. NOTE: : 
C1 and Cz are to bypass Voc to GND. 


OUTPUT REGISTER SKEW 


a. 
(REGISTERED OUTPUT) 


Qn +1 
(REGISTERED OUTPUT) 
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TIMING DIAGRAMS!: 2 


I,B 


4H ts 


1.5V 1.5V 


H tCKL 
cK 


4s tcK 
NN LOS es en 
Q 
(REGISTERED OUTPUTS) WN WW 1.5V VT 
cKO 


1.5V 


ex 


Flip-Flop Outputs 


1B 
(INPUTS) 


0,B 
(COMBINATORIAL 
OUTPUTS) 


,B 
(OUTPUT 
ENABLE) 


Gate Outputs 


Q 
(REGISTERED 
OUTPUTS) 


,B 
(INPUTS) 


4sstCK 


Power-Up Reset 


NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.0ns typical. 
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TIMING DEFINITIONS 


: 
: 
: 


Required delay between 
beginning of valid input and 
positive transition of clock. 


KH 
KL 
KP 


Required delay between 
positive transition of clock and 
end of valid input data. 


tH 


Delay between positive 
transition of clock and when 
internal © output of flip-flop 
becomes valid. 


Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 


Delay between beginning of - 
Output Enable Low and when 
outputs become valid. 


toe1 


Delay between beginning of 
Output Enable High and when 
outputs are in the Off-State. 


Delay between predefined 
Output Enable High, and 

when combinational outputs 
become valid. 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 

the Off-State. 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “O”). 


tppR 


Propagation delay between 
combinational inputs and 
outputs. 


Delay between each input 
change. 


FREQUENCY DEFINITIONS 


No feedback: Determined by 
the minimum clock period, 
(tek + teKH)- 

Internal feedback: 
Determined by the internal 
delay from flip-flop outputs 
through the internal feedback 
and array to the flip-flop 
inputs, 1/(tis + teKe). 
External feedback: 
Determined by clock-to-output 
delay and input setup time, 
1/(tis + teKo). 


tp 
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TIMING DIAGRAMS (Continued) 


cs a ka We, _ 


tp = 100ns 


Output Register Preload 


PROGRAMMING/SOFTWARE 
Refer to Section 8 (Development Software) 
and Section 9 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


SDINPALZ: 


PLQ16L8 


| | 0-17 | | OE 


e 
\A VV 2 ROEPAL: 
SDINPAL?: |_| :NENPAL: 


SNINPAL?: 
=DINPALZ: 
/* 


PLQ16R8 
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SNAP RESOURCE SUMMARY DESIGNATIONS (Continued) 
7 | | w-I7 | | CLK | | OE 


| x 
BO, B7 Q1-06 
PLQ16R6 
| | 0-17 | | CLK |} OE 


PLQ16R4 
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FEATURES 
® Ultra high-speed 


— tpp = 7.5ns and fyax = 74MHZz for the 
PLUS20R8-7 Series 


- tpp = 10ns and fax = 60 MHz for the 
PLUS20R8D Series 


® 100% functionally and pin-for-pin 
compatible with industry standard 24-pin 
PAL®@ ICs 


© Power-up reset function to enhance state 
machine design and testability 


© Design support provided via SLICE and 
_ other CAD tools for Series 24 PAL devices 


® Field-programmable on industry standard 
programmers 


® Security fuse 


@ Individual 3-State control of all outputs 


DEVICE NUMBER 


PLUS20L8 


PLUS20R6 
PLUS20R4 


ORDERING INFORMATION 


DESCRIPTION 

The Signetics PLUS20XX family consists of 
ultra high-speed 7.5ns and 10ns versions of 
Series 24 PAL devices. 


The PLUS20XxX family is 100% functional 
and pin-compatible with the 20L8, 20R8, 
20R6, and 20R4 Series devices. 


The sum of products (AND-OR) architecture 


is comprised of 64 AND gates and 8 fixed OR 
gates. Multiple bidirectional pins provide 
variable input/output pin ratios. Individual 
3-State control of all outputs and registers 
with feedback (R8, R6, R4) is also provided. 
Proprietary designs can be protected by 
programming the security fuse. 


The PLUS20R8, R6, and R4 have D-type 
flip-flops which are loaded on the Low-to-High 
transition of the clock input. 


In order to facilitate state machine design and 
testing, a power-up reset function has been 


DEDICATED COMBINATORIAL REGISTERED 
INPUTS OUTPUTS OUTPUTS 


DESCRIPTION “ORDER CODE 


24-Pin Plastic Dual-In-Line 
300mil-wide 


28-Pin Plastic Leaded Chip Carrier (PLCC) 


@PAL is a registered trademark of Advanced Micro Devices, Inc. 
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PLUS20R8DN 
PLUS20R6DN 
PLUS20R4DN 
PLUS20L8DN 
PLUS20R8-—7N 
PLUS20R6-—7N 
PLUS20R4—7N 
PLUS20L8—7N 


PLUS20R8DA 
PLUS20R6DA 
PLUS20R4DA 
PLUS20L8DA 
PLUS20R8-7A 
PLUS20R6-7A 
PLUS20R4—7A 
PLUS20L8~7A 
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incorporated into these devices to reset all 
internal registers to active-Low after a 
specific period of time. 


The Signetics State-of-the-Art oxide isolation 
Bipolar fabrication process is employed to 
achieve high-performance operation. 


The PLUS20XX family of devices are field 
programmable, enabling the user to quickly 
generate custom patterns using standard 
programming equipment. See the 
programmer chart for qualified programmers. 


The SLICE software package from Signetics 
supports easy design entry for the 
PLUS20XX series as well as other PLD 
devices from Signetics. The PLUS20XX 
series are also supported by other standard 
CAD tools for PAL-type devices. 


Order codes are listed in the Ordering 
Information table. 


853—1359 06070 
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PIN CONFIGURATIONS 


PLUS20L8 


AND/OR ARRAY 


Ig IyQoGNDNC 144 142 Op 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 
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SYMBOL 


PLUS20R8 


J 


Dae 
pas 
ceeeeeee 


iE 


a 
* 
~ 
[ole 


a 
O 


a 


AND/OR ARRAY 


c 


oenena 


eh 


PLUS20R8 


ly Ig CLKNCVecly Q7 


Ig Ig GNDNC DE 149 Qo 


DESCRIPTION 

Dedicated input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 
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PLUS20R6 


al 


ie 


AND/OR ARRAY 


I 
| 
Heat 


Da 


ie 


PLUS20R4 


ji 


Y, 


ES 


AND/OR ARRAY 


aaa ti 


4 


ee 
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r 
iG 
Ae ee) 
ea eee 


eh 
aa al 
ee al 


hi 


PLUS20R4 


ly Ip CLKNCVocly, B7 


Ig Ig GNDNC OE Iy9 Bo Ig Ig GNDNC OE 149 By 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 


SYMBOL DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (input/output) 
Clock input 
Output Enable 
Supply Voltage 
Ground 
No Connection 
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LOGIC DIAGRAM 
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INPUTS (0-39) 


“AND” gate locations are pulled to logic “0". 


nections. 


| unprogrammed or virgin 


: Programmable con 
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INPUTS (0-39) 


unprogrammed or virgin "AND" 


5 Programmable connections. 


gate locations are pulled to logic “0". 
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unprogrammed or virgin "AND" gate locations are pulled to logic "0". 


: Programmable connections. 
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NOTES: 


“AND” gate locations are pulled to logic “0”. 


nections. 


. All unprogrammed or virgin 


. 2 Programmable con 
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FUNCTIONAL DESCRIPTIONS 

The PLUS20XX series utilizes the familiar 
sum-of-products implementation consisting of 
a programmable AND array anda fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 


The PLUS20XX series consists of four 
PAL-type devices. Depending on the 
particular device type, there are a variable 
number of combinatorial and registered 
outputs available to the designer. The 
PLUS20L8 is a combinatorial part with 8 user 
configurable outputs (6 bidirectional), while 
the other threé devices, PLUS20R8, 
PLUS20R6, PLUS20R4, have respectively 8, 
6, and 4 output registers. 


3-State Outputs 

The PLUS20XX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 
(Qn) are controlled by an external input 
(/OE), and the combinatorial outputs (On, Bn) 
use a product term to control the enable 
function. 


AND ARRAY - (I, B) 


ee 
[iwacrives? [| 0 | 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


ABEL is a trademark of Data I/O Comp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASN is a registered trademark of AMD Corp. 
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Programmable Bidirectional Pins 
The PLUS20XX products feature variable 
Input/Output ratios. In addition to 12 
dedicated inputs, each combinatorial output 
pin of the registered devices can be 
individually programmed as an input or 
output. The PLUS20L8 provides 14 dedicated 
inputs and 6 Bidirectional I/O lines that can 
be individually configured as inputs or 
outputs. 


Output Registers 

The PLUS20R8 has 8 output registers, the 
20R6 has 6, and the 20R4 has 4. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to-High transition of the 
clock input. These output registers are 
capable of feeding the outputs of the 
registers back into the array to facilitate 
design of synchronous state machines. 


Power-up Reset 

By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLUS20R8, R6, R4 
enhance state machine design and 
initialization capability. 


Software Support 
Like other Programmable Logic Devices from 
Signetics, the PLUS20XX series are 


supported by SLICE, the PC-based software 
development tool from Signetics. The 
PLUS20XxX family of devices are also 
supported by standard CAD tools for PAL 
devices, including ABEL and CUPL. 


SLICE is available free of charge to qualified 
users. 


Logic Programming 

The PLUS20XxX series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 
CUPL™ and PALASM@® 90 design software 
packages also support the PLUS20XX 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PROGRAMMING/SOFTWARE 
SUPPORT 

Refer to Section 8 (Development Software) 
and Section 9 (Third-Party Programmer/ 
Software Support) of the PLD data handbook 
for additional information. 


[stare | 600 ] 
aie, eee 
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Product specification 


PAL devices eee eer 
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES 
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


| | RATINGS  - 
SYMBOL PARAMETER 


Cin | rpvatage ———SS* | 0 | Vow 
Pin | putcunons Ym 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied.  % 


OPERATING RANGES 
Oe eer Sa 
[Tare | Operating teeairtemperare | 0 | +5 | © | 
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TEMPERATURE 


Allowable thermal rise [| - : 
ambient to junction . 7s°C 


Philips Seen erogtenmave bogle Devices : Product specification 


PAL devices 7 % 
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES 


DC ELECTRICAL CHARACTERISTICS 
0°C S$ Tamb S +75°C, 4.75 $ Voc $ 5.25V 


—S LIMITS 
SYMBOL _PARAMETER TEST CONDITIONS | MIN | TYP! | MAX | UNIT. 


Input voltage? 
Voc = MIN 
Voc = MAX 
Voc = MIN, ly = —18mA 


Voc = MIN, Vin = Vin or Vit 
lot = 24mA 
lon =-3.2mA | 


Veco = MAX 
“Lows Vin = 0.40V 
_ High? , Vin =2.7V 


Maximum input current Vin = Voc = Vocmax 


AOuiput current 


Output leakage 
Outputleakage — 
Short circuit 4:5 
ee 
Capacitance® 
Input Voc = 5V 
Vout = 2.0V 
VO(B) Vout = 2V, f= 1MHz 


NOTES: 

. All typical values are at View 5V, Tamb = +25°C. 

All voltage values are with respect to network ground terminal. 

Leakage current for bidirectional pins is the worst case of Ix and loz, or Iy4 and Iozu. 
‘Test one at a time. 

Duration of short circuit should not exceed 1 second. 

These parameters are not 100% tested but periodically sampled. 


ON Pw 
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PAL devices 
20L8, 20R8, 20R6, 20R4 


PLUS20R8D/-7 SERIES. 


AC ELECTRICAL CHARACTERISTICS 
R; = 2002, Ro = 3902, 0°C < Tam $ +75°C, 4.75 $ Voce $ 5.25V 


SYMBOL PARAMETER To a a UNIT 
| mint | typ | MAX | MIN' | MAX 


Ces | contin sO | oe [Ts] | |v] ]~_ 
Pen [ Coatow ip | mm Ps | | dP | de 
Pew [Poms i ow Pm PO] Td 


_ Setup & Hold time 
Input or 
Input or 
tH feedback po ff fet fw 


Propagation delay 


too | Cook TE ae tt Ts Po fs [ns 
ee ae Re 


Clock? 
Output (20L8, R6, R4)2 


[oupuessaoet | oe [ownasme | s | |e | 2 
Toupuessane | __ 1 fowurasane |» | | © [9 
—— ses) Oe aa 

ee 

aa 


Tis 
oO x 
x 


Frequency (20R8, R6, R4) 


No feedback 1/ (tex. + texy)® 


fMAX Internal feedback 1/ (tis + toxr)® > a 
External feedback 1/ (tig + texo)® i 


For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: 

1. CL = 0pF while measuring minimum output delays. 

2. tpp test conditions: CL = 50pF (with jig and scope capacitance), Vi = 3V, Vi = OV, Vou = Vor = 1.5V. 

3. tcxr was calculated from measured Internal fax. 

4. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. 

Same function as tog; and top, with the difference of using product term control. 


6. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the 
frequency. 


* 


on 
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PAL devices ; oe os 
20L8, 20R8, 20R6, 20R PLUS20R8D/-7 SERIES 


TEST LOAD CIRCUIT . 


NOTE: _ ear 
C, and C2 are to bypass Voc to GND. 


OUTPUT REGISTER SKEW 


(REGISTERED OUTPUT) 


, tskw 
oe _ eo Ps 
ECISTERED OUTPUT) 1.5V 
(REGISTERED OUTPUT) : 
. : ov 


CLOCK TO FEEDBACK PATH 
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PAL devices 
20L8, 20R8, 20R6, 20R4 


PLUS20R8D/-7 SERIES 


TIMING DIAGRAMS": 2 TIMING DEFINITIONS 


SYMBOL | PARAMETER 
ants sv 1.5V Width of input clock pulse. 
toKL Interval between clock pulses. | 
Clock period. 


CLK 1.5V 1.5V 


Required delay between 
beginning of valid input and 


'CKL positive transition of clock. 


H 
‘CKP 
== 


4s tcK 
\ 
Q 
(REGISTERED OUTPUTS) WN WY 1.5V VT 
KO 


CE 1.5V 


Required delay between 
positive transition of clock and 
end of valid input data. 


Delay between positive 
transition of clock and when 
internal Q output of flip-flop 
becomes valid. 


Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Flip-Flop Outputs 


,B 
(INPUTS) 


Delay between beginning of 
Output Enable High and when 
outputs are in the Off-State. 


0,8 
(COMBINATORIAL 
OUTPUTS) 


Delay between predefined 

Output Enable High, and 

when combinational outputs 
1,B become valid. 

(OUTPUT 

ENABLE) 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 

the Off-State. 


Gate Outputs 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “O”). 


Propagation delay between 
combinational inputs and 
outputs. 


Q 
(REGISTERED 
OUTPUTS) 


FREQUENCY DEFINITIONS 


No feedback: Determined by 
the minimum clock period, 
1/(teKL + teKH). 

Internal feedback: 
Determined by the internal 
delay from flip-flop outputs 


1,B 
(INPUTS) 


through the internal feedback 
and array to the flip-flop 
inputs, 1/(tig + texe). 

External feedback: 
Determined by clock-to-output 
delay and input setup time, 
(tis + texo). 


tCKL 
UsstcK 


Power-Up Reset 


NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.5ns. 
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PAL devices 


20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES 


SNAP RESOURCE SUMMARY DESIGNATIONS 


PLUS20L8 
| | CLK | | wit | | OE 
12 
VV 2CKPALT: \4 \/ : NOEPALT: 
SDINPALY: |e 


PROGRAMMABLE AND ARRAY . 


PLUS20R8 
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20L8, 20R8, 20R6. 20R4 PLUS20R8D/-7 SERIES 


SNAP RESOURCE SUMMARY DESIGNATIONS (Continued) 
|} wo-i1 | | CLK | | OF 


M V :expatz) \/ :woeratz: 
OINPALY: = : 


& |_| 
BO, B7 Q1-06 
PLUS20R6 
| | w-111 | | CLK | | OE 


12 


BO, B1, B6, B7 Q2-Q5 
PLUS20R4 
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20L8, 20R8, 20R6, 20R4 


Preliminary specification 


PLQ20R8-5 SERIES 


FEATURES 
® Ultra high-speed 
- tpp = 5ns and fyax = 118MHz 


@ 100% functionally and pin-for-pin 
compatible with industry standard 24-pin 
PAL ICs 


® Power-up reset function to enhance state 
machine design and testability 


® Design support provided via SLICE and 
other CAD tools for Series 24 PAL devices 


® Field-programmable on industry standard 
programmers 


© Security fuse 

® Individual 3-State control of all outputs 
© Register preload for testability 

® Power-up 3-State 

@ 24-Pin DIP and 28-Pin PLCC 


PLQ20L8 


ORDERING INFORMATION 


piaatha 
piaeone 
PLOaORA 


DESCRIPTION 

The Signetics PLQ20XX family consists of 
ultra high-speed 5ns versions of Series 24 
PAL devices. 


The PLQ20XxX family is 100% functional and 
pin-compatible with the 20L8, 20R8, 20R6, 
and 20R4 Series devices. 


The sum of products (AND-OR) architecture 
is comprised of 64 AND gates and 8 fixed OR 
gates. Multiple bidirectional pins provide 
variable input/output pin ratios. Individual 
3-State control of all outputs and registers 
with feedback (R8, R6, R4) is also provided. 
Proprietary designs can be protected by 
programming the security fuse. 


The PLQ20R8, R6, and R4 have D-type 
flip-flops which are loaded on the Low-to-High 
transition of the clock input. 


In order to facilitate state machine design and 
testing, a power-up reset function has been 
incorporated into these devices to reset all 
internal registers to active-Low after a 
specific period of time. 


The Signetics State-of-the-Art BiCMOS 
process, known as QUBIC, has been 


DEVICE NUMBER DEDICATED COMBINATORIAL REGISTERED 
INPUTS OUTPUTS OUTPUTS 


8 (6 1/0) 


DESCRIPTION ORDER CODE 


24-Pin Plastic Dual-in-Line 
300mil-wide 


28-Pin Plastic Leaded Chip Carrier (PLCC) 


NOTE: 


PLQ20R8-5N 
PLQ20R6-5N 
PLQ20R4—5N 
PLQ20L8-5N 


PLQ20R8—5A 
PLQ20R6-—5A 
PLQ20R4—5A 
PLQ20L8-5SA 


The PLQ20XxX series of devices are also processed to military requirements for operation over 
the military temperature range. For specifications and ordering information, consult the 


Signetics Military Data Handbook. 


@PAL is a registered trademark of Advanced Micro Devices, Inc. 
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employed to achieve higher levels of 
operating performance for the PLQ20XX 
family of PLDs. The QUBIC transistors have 
been optimized to provide two-thirds more 
speed at less than half the power consumed 
from products using our last generation of 
bipolar technology. QUBiC reduces on-chip 
delays and provides high output drive 
currents while consuming power at very low 
levels. 


The PLQ20XxX family of devices are field 
programmable, enabling the user to quickly 
generate custom patterns using standard 
programming equipment. See the 
programmer chart for qualified programmers. 


The SLICE software package from Signetics 
supports easy design entry for the PLQ20XX 
series as well as other PLD devices from 
Signetics. The PLQ20XX series are also 
supported by other standard CAD tools for 
PAL-type devices. 


Order codes are listed in the Ordering 
Information table. 
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20L8, 20R8, 20R6, 20R4 


PLQ20R8-5 SERIES 


PIN CONFIGURATIONS 


PLQ20L8 PLQ20R8 


7 


ee a 
eee 
Raeeeaee 


_AND/OR ARRAY 


iE 


ge: 
§ 
te: 
> 
: 
< [rn 
ty, 
5 AE 
< +b 
| 
iH 
i 
Ee: 
i 


[ 


PLQ20L8 PLQ20R8 


2 th bo NCVecly3 07 


ly Ig CLKNCVoclyq Q7 


Ig IyoGNDNC 144 142 Op Ig. lg GNDNC OE I Qo 


DESCRIPTION SYMBOL DESCRIPTION 


I Dedicated Input Dedicated Input 

O Dedicated combinatorial Output Dedicated combinatorial Output 
Q Registered output Registered output 

B Bidirectional (input/output) Bidirectional (input/output) 

CLK Clock input Clock input 

OE Output Enable Output Enable 

Voc Supply Voltage Supply Voltage 

GND Ground Ground 


No Connection 


No Connection 
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20L8, 20R8, 20R6, 20R4 PLQ20R8-5 SERIES 


PIN CONFIGURATIONS 


PLQ20R6 PLQ20R4 


i 


ty | 


AND/OR ARRAY 


> 
< 
x 
X 
< 
S 
a 
2 
< 


oi 
| 
Hear 


a 
eee! 


zy ou el wl ee 
beds dda 


PLQ20R6 PLQ20R4 


ly Ip CLKNCVccly, B7 ly by CLKNCVocly Bz 


ig Ig GNDNC OE Iy9 Bo ig Ig GNDNC OE lig B7 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 


SYMBOL DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (input/output) 
Clock input 
Output Enable 
Supply Voltage 
Ground 
No Connection 
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PLQ20R8-5 SERIES 


LOGIC DIAGRAM PLQ20L8 
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NOTES: 
1. All unprogrammed of virgin "AND" gate locations are pulled to logic "0". 
2. 2:5: Programmable connections. 
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LOGIC DIAGRAM 
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. 82h Programmable connections. 
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gate locations are pulled to logic "0". 
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LOGIC DIAGRAM 
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INPUTS (0-39) 


| unprogrammed or virgin “AND* gate locations are pulled to logic “0”. 


. 35: Programmable connections. 
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PLQ20R8-5 SERIES 


FUNCTIONAL DESCRIPTIONS 

The PLQ20XX series utilizes the familiar 
sum-of-products implementation consisting of 
a programmable AND array anda fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI_ : ~ 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 


The PLQ20XX series consists of four 
PAL-type devices. Depending on the 
particular device type, there are a variable 
number of combinatorial and registered 
outputs available to the designer. The 
PLQ20L8 is a combinatorial part with 8 user 
configurable outputs (6 bidirectional), while 
the other three devices, PLQ20R8, 
PLQ20R6, PLQ20R4, have respectively 8, 6, 
and 4 output registers. 


3-State Outputs 

The PLQ20XX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 
(Qn) are controlled by an external input 
(/OE), and the combinatorial outputs (On, Bn) 
use a product term to control the enable 
function. 


AND ARRAY - (I, B) 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All P,, terms are disabled. 


2. All P, terms are active on all outputs. 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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Programmable Bidirectional Pins 
The PLQ20XxX products feature variable 
Input/Output ratios. In addition to 12 
dedicated inputs, each combinatorial output 
pin of the registered devices can be 
individually programmed as an input or 
output. The PLQ20L8 provides 14 dedicated 
inputs and 6 Bidirectional I/O lines that can 
be individually configured as inputs or 


outputs. 


Output Registers 

The PLQ20R8 has 8 output registers, the 
20R6 has 6, and the 20R4 has 4. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to-High transition of the 
clock input. These output registers are 
capable of feeding the outputs of the 
registers back into the array to facilitate 
design of synchronous state machines. 


Power-up Reset 

By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLQ20R8, R6, R4 
enhance state machine design and 
initialization capability. 


Register Preload 

Preload function allows the register to be 
loaded from the output pins. This feature 
allows functional testing of sequential 
patterns by loading output states. 


[state | Cove | 
ee el el 
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Power-up 3-State 

All outputs will be disabled when Vcc is 3.0V 
+ 20% (25°C). This special feature keeps 
outputs 3-Stated during power-up. Only when 
Voc reaches its normal operating range will 
device function normally. 


Software Support 

Like other Programmable Logic Devices from 
Signetics, the PLQ20XX series are supported 
by SLICE, the PC-based software 
development tool from Signetics. The 
PLQ20XX family of devices are also 
supported by standard CAD tools for PAL 
devices, including ABEL and CUPL. 


SLICE is available free of charge to qualified 
users. 


Logic Programming 

The PLQ20XX series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 
CUPL™ and PALASM@® 90 design software 
packages also support the PLQ20XX 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


STATE —_—| CODE | 
[ponTcane [ - | 


Philips Semiconductors—Signetics Programmable Logic Devices Preliminary specification 
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ABSOLUTE MAXIMUM RATINGS! - THERMAL RATINGS| . 


_ TEMPERATURE 


Allowable thermal rise 
ambient to junction 75°C 


Storage temperature range -~65 
NOTE: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 


SYMBOL PARAMETER 


an 
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PAL devices 


20L8, 20R8, 20R6, 20R4 PLQ20R8-5 SERIES 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S$ +78°C, 4.75 S$ Voc S$ §.25V 


| LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN- | Typ! | MAX | UNIT 


Input —— | 
Vit Vcc = MIN 
Vin High | Voc = MAX wm V 
Output voltage 
Voc = MIN, Vin = Vin or Vi 
Voi Low lo. = 24mA 
Vou High lon =-3.2 mA 


Voc = MAX 
Vin = 0.40V 
Vin =2.7V 

Vin = 5.5V, Veo = MAX 


Low? 
High? 


Maximum input current 


pA 
pA 
yA 
lozH | Output leakage =2 
= Output leakage =0. 100 
Short circuit* 5 430 


Ces | Vesey eet [vege wwe [re a0 me 


Capacitance® 
Ci Input Voc = 5V 
noe po fef fe 
Gs V/0 (B) Vout = 2V, f= 1MHz 8 pF 
NOTES: 


1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Leakage current for bidirectional pins is the worst case of I, and loz, or Iy4 and Iozp. 
4. Test one ata time. 

5. Duration of short circuit should not exceed 1 second. 

6. These parameters are not 100% tested but periodically sampled. 
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20L8, 20R8, 20R6, 20R4 


PLQ20R8-5 SERIES 


AC ELECTRICAL CHARACTERISTICS 
Ry = 2002, Ro = 390, 0°C < Tam $ +75°C, 4.75 $ Voce < 5.25V 


LIMITS 


Input or feedback 


CLK+t 
CLK+ 


Output enable 


Output enable 
Output disable 
Output disable _ 


External feedback 1/ (tig + texo)® 


For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: - 

C, = OpF while measuring minimum output delays. 

tpp test conditions: C, = SOpF (with jig and scope capacitance), Vi = 3V, Vi, = OV, Von = Vor = 1.5V. 

tcxe was Calculated from measured Internal fyax. 

For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output » 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S; closed. 
Same function as tog; and top;, with the difference of using product term control. 

Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the 
frequency. 


* 


f&on> 


aM 
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PAL devices 


20L8, 20R8, 20R6, 20R4 PLQ20R8-5 SERIES 


TEST LOAD CIRCUIT 


NOTE: 
Cy and Co are to bypass Vcc to GND. 


OUTPUT REGISTER SKEW 


Qn 
(REGISTERED OUTPUT) 


Qn +1 
(REGISTERED OUTPUT) 


CLOCK TO FEEDBACK PATH 
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TIMING DIAGRAMS! 2 | TIMING DEFINITIONS 


SYMBOL 
on tox. 
7 . tour 


Required delay between 
beginning of valid input and 
positive transition of clock. 


CLK 1.5V 1.5V 


H tCKL 
‘CKP 


4s ck 
‘I 
Q 
(REGISTERED OUTPUTS) WN WS ie a 
KO 


OE 1.5V 


bes 


Flip-Flop Outputs 


Required delay between 
positive transition of clock and 
end of valid input data. 


Delay between positive 
transition of clock and when 
internal Q output of flip-flop 
becomes valid. 


Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


tcxo 


a) 
(INPUTS) 


Delay between beginning of 
Output Enable High and-when © 
outputs are in the Off-State. 


top 


0,B 
(COMBINATORIAL 
OUTPUTS) 


| Delay between predefined 
Output Enable High, and 

when combinational outputs 
become valid. 


toe2 


LB 
(OUTPUT 
ENABLE) 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 

the Off-State. 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “O"). 


Gate Outputs 


tppR 


Propagation delay between 
combinational inputs and 
outputs. 


Delay between each input 
change 


FREQUENCY DEFINITIONS 


No feedback: Determined by 
the minimum clock penod, 
(tox + texn). 

Internal feedback: 
Determined by the internal 
delay from flip-flop outputs 


Q 
(REGISTERED 
OUTPUTS) 


1,B 
(INPUTS) 


through the intemal feedback 
and array to the flip-flop 
inputs, 1/(tig + tcxe). 

External feedback: 
Determined by clock-to-output 
delay and input setup time, 
1K(tis + texo). 


ts.tcK: 


Power-Up Reset 
NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.0ns typical. 
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20L8, 20R8, 20R6, 20R4 PLQ20R8-5 SERIES 


TIMING DIAGRAMS (Continued) 


Q-—= D L) tp 


linear igen 22 


— (==) _ aie 


Output Register Preload 


PROGRAMMING/SOFTWARE 
SUPPORT 

Refer to Section 8 (Development Software) 
and Section 9 (Third-Party Programmer/ 
Software Support) for additional information. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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| } CLK 


VV :CKPALR: 


PLQ20L8 


| | w-111 
12 


\h 
SDINPAL?: i SNINPALY: 


PROGRAMMABLE AND ARRAY 


PLQ20R8 
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SNAP RESOURCE SUMMARY DESIGNATIONS (Continued) 


| | =i | | CLK | | OE 


12 


\h 
SDINPAL?: ‘ SNINPAL?: 


oe 
VV :expatz: — \V :NOEPAER: 


PROGRAMMABLE AND ARRAY 


O =NOUTPAL?: 


it) | 
BO, B7 Q1-Q6 
PLQ20R6 
|} tot | | CLK | | OE 


aa SDF FPALZESSS 


PLQ20R4 
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PL22V10-10/-12/-15, 
PL22V10115 


FEATURES 
®@ Advanced CMOS EEPROM technology 


® Ultra high performance 


- 10ns, 12ns, 15ns (tpp) commercial 
versions 


- 15ns (tpp) industrial version 
— fuax as fast as 83.3MHz 


© Low power consumption 
— 110mA + 0.5mA/MHz max 


@ EE reprogrammability 
- Low-risk reprogrammable inventory 
— Superior programming and functional 
yield 
- 100% testable 
~ Erases and programs in seconds 
— 100 guaranteederase cycles 


© Development and programming support 
— Third-party software and programmers 
— SLICE development software 


® Architectural flexibility 
— 132 product term x 44 input AND array 
— Up to 22 inputs and 10 outputs 


~ Variable product term distribution (8 to. 
16 per output) for greater logic flexibility 


— Independently programmable 
4-configuration I/O macrocells 


~- Synchronous preset, asynchronous clear 
~ Independently programmable output 
enables 
® Application versatility 


— Pin-for-pin and JEDEC-file compatible 
with the bipolar AmPAL22V10, CMOS 
PALC22V10 and PEEL22CV10A 


ORDERING INFORMATION 


24-Pin Plastic Dual-In-Line 
300mil-wide 


28-Pin Plastic Leaded Chip Carrier (PLCC) 
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DESCRIPTION ORDER CODE 


DESCRIPTION | 

The Signetics PL22V10-10, PL22V10-12 and 
PL22V10-15 are CMOS programmable 
electrically erasable logic devices that provide 
a high-performance, low-power, 
reprogrammable, and architecturally 
enhanced alternative to early generation 
programmable logic devices (PLDs). 
Designed in advanced CMOS EEPROM 
technology, the PL22V10 rivals speed 
parameters of comparable bipolar PLDs while 
providing a dramatic improvement in active 
power consumption. The EE 
reprogrammability of the PL22V10 allows 
cost effective plastic packaging, low risk 
inventory, reduced development and retrofit 
costs, and enhanced testability to ensure 
100% field programmability and function. The 
PL22V10's flexible architecture offers 
complete function and JEDEC-file 
compatibility with the bipolar AMPAL22V10 
and the CMOS PALC22V10. Applications for 
the PL22V10 include: replacement of random 
SSI/MSI logic circuitry and user customized 
sequential and combinatorial functions such 
as counters, shift registers, state machines, 
address decoders, multiplexers, etc. 
Development and programming support for 
the PL22V10 is provided by Signetics and 
third-party manufacturers. 


to LABEL DESCRIPTIONS 


Ce 


PL22V10—10N 
PL22V10—12N 
-PL22V10-15N 
PL22V10115N 


PL22V10—-10A 
PL22V10-12A 
PL22V10-15A 
PL22V10115A 
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PIN CONFIGURATIONS 


N Package 


N = Plastic Dual In-Line Package (300mil-wide) 


A Package 


CLK/ 
0 NC Vcc Fo F8 


19 110 GND NC 111 Fo F1 


A = Plastic Leaded Chip Carrier 
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FUNCTION DESCRIPTION 

The PL22V10 implements logic functions as 
sum-of-products expressions in a 
programmable-AND/fixed-OR logic array. 
User-defined functions are created by: 
programming the connections of input signals 
into the array. User-configurable output 
Structures in the form of I/O macrocells 
further increase logic flexibility. 


ARCHITECTURE OVERVIEW 

The PL22V 10 architecture is illustrated in the 
Figure 1. Twelve dedicated inputs and 10 
VOs provide up to 22 inputs and 10 outputs 
for creation of logic functions. At the core of 
the device is a programmable ~ 
electrically-erasable AND array which drives 
a fixed OR array. With this structure, the 
PL22V 10 can implement up to 10 
sum-of-products logic expressions. 


Associated with each of the 10 OR functions 
ts an I/O macro cell which can be 
independently programmed to one of 4 
different configurations. The programmable 
macro cells allow each I/O to create 
sequential or combinatorial logic functions 
with either Active-High or Active-Low polarity. 
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Figure 1. Functional Diagram 


AND/OR LOGIC ARRAY 

The programmable AND array of the 
PL22V 10 (shown in the Logic Diagram) is 
formed by input lines intersecting product 
terms. The input lines and product terms are 
used as follows: 


44 input lines: 


24 input lines carry the True and 
Complement of the signals applied to the 
12 input pins ~ 


20 additional lines carry the True and 
Complement values of feedback or input 
signals from the 10 I/Os 


132 product terms: 


120 product terms (arranged in 2 groups 
of 8, 10, 12, 14, and 16) used to form 
logical sums 


10 output enable terms (one for each I/O) 
1 global synchronous preset term 
1 global asynchronous clear term 


At each input-line/product-term intersection 
there is an EEPROM memory cell which 
determines whether or not there is a logical 
connection at that intersection. Each product 
term is essentially a 44-input AND gate. A 
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y L OvTPuT 
+p MACRO |_ 
CELL sigs stas 


rly a PRESET . 
F7, 


OUTPUT 
> MACROL. 


OUTPUT 
as MACRO 


eg] 


product term which is connected to both the 
True and Complement of an input signal will 
always be FALSE, and thus will not effect the 
OR function that it drives. When all the 
connections on a product term are opened, a 
Don't Care state exists and that term will 
always be TRUE. 


When programming the PL22V10, the device 
programmer first performs a bulk erase to 
instantly remove the previous pattern. The 
erase cycie opens every logical connection in 
the array. The device is then configured to 
perform the user-defined function by 
programming selected connections in the 
AND array. (Note that EEPROM device 
programmers automatically program the 
connections on unused product terms so that 
they will have no effect on the output 
function.) 


VARIABLE PRODUCT TERM 


DISTRIBUTION 


The PL22V10 provides 120 product terms to 
drive the 10 OR functions. These product 
terms are distributed among the outputs in 
groups of 8, 10, 12, 14, and 16 to form logical 
sums (see Logic Diagram). This distribution 
allows optimum use of device resources. 
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nprogrammed fuse 
rogrammed fuse 


c. Combinatorial/Active-LOW 


b. Registered/Active-HIGH d. Combinatorial/Active-HIGH 


Figure 3. 
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PROGRAMMABLE I/O 
MACROCELL 

The output macrocell provides complete 
control over the architecture of each output. 
The ability to configure each output 
independently permits users to tailor the » 
configuration of the PL22V 10 to the precise 
requirements of their designs. 


MACROCELL ARCHITECTURE 
Each I/O macrocell, as shown in Figure 2, 
consists of a D-type flip-flop and two - 
signal-select multiplexers. The configuration 
of each macrocell of the PL22V10 is 
determined by the two EEPROM bits 
controlling these multiplexers. These bits 
determine output polarity, and output type 
(registered or non-registered). Equivalent 
Circuits for the macrocell configurations are 
illustrated in Figure 3. 


OUTPUT TYPE | 

The signal from the OR array can be fed 
directly to the output pin (combinatorial 
function) or latched in the D-type flip-flop 
(registered function). The D-type flip-flop 
latches data on the rising edge of the clock 
and is controlled by the global preset and 
dear terms. When the synchronous preset 
term is satisfied, the Q output of the register 
will be set HIGH at the next rising edge of the 
dock input. Satisfying the asynchronous clear 
term will set Q LOW, regardless of the clock 
State. If both terms are satisfied 
simultaneously, the clear will override the 
preset. 


PROGRAM/ERASE CYCLES 
The PL22V 10 is 100% testable, 
erases/programs in seconds, and has 100 
guaranteed erase cycles. 


OUTPUT POLARITY 

Each macrocell can be configured to 
smplement Active-High or Active-Low logic. 
Programmable polarity eliminates the need 
for external inverters. 


asc 6 a trademark of Data I/O Com. 
=P is a trademark of Logical Devices, Inc. 
7&_ASM is a registered trademark of AMD Corp. 
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OUTPUT ENABLE 

The output of each I/O macrocell can be 
enabled or disabled under the control of its 
associated programmable output enable 
product term. When the logical conditions 
programmed on the output enable term are 
satisfied, the output signal is propagated to 
the I/O pin. Otherwise, the output buffer is 
driven into the high-impedance state. 


Under the control of the output enable term, 
the I/O pin can function as a dedicated input, 
a dedicated output, or a bi-directional I/O. 
Opening every connection on the output 
enable term will permanently enable the 
output buffer and yield a dedicated output. 
Conversely, if every connection is intact, the 
enable term will always be logically FALSE 


and the I/O will function as a dedicated input. 


REGISTER FEEDBACK SELECT 
When the I/O macrocell is configured to 
implement a registered function (S1=0) 
(Figures 3.a or 3.b), the feedback signal to 
the AND array is taken from the © output. 


BI-DIRECTIONAL I/O SELECT 
When configuring an 1/O macrocell to 
implement a combinatorial function (S1=1) 
(Figures 3.c or 3.d), the feedback signal is 
taken from the I/O pin. In this case, the pin 
can be used as a dedicated input, a 
dedicated output, or a bi-directional I/O. 


POWER-ON RESET 

To ease system initialization, all flip-flops will 
power-up to a reset condition and the Q 
output will be low. The actual output of the 
PL22V 10 will depend on the programmed 
output polarity. The Vcc rise must be 
monotonic and the reset delay time is 5ys 
maximum. 
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DESIGN SECURITY 

The PL22V10 provides a special EEPROM 
security bit that prevents unauthorized 
reading or copying of designs programmed 
into the device. The security bit is set by the 
PLD programmer, either at the conclusion of 
the programming cycle or as a separate step, 
after the device has been programmed. Once 
the security bit is set it is impossible to verify | 
(read) or program the PL22V10 until the : 
entire device has first been erased with the 
bulk-erase function. . 


PROGRAM AND ERASE 

The PL22V10 can be programmed on 
standard logic programmers. If a device 
needs to be reprogrammed, simply place 
back into the programmer, at which point it 
will be automatically erased, then 
repatterened. 


Approved programmers are listed in the 
Signetics Programmer Reference Guide. 


SOFTWARE SUPPORT 

The PL22V10 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Signetics’ SLICE and SNAP 
design software packages. ABEL™, CUPL™, 
and PALASM® 90 design software packages 
also support the PL22V10 architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PL22V10 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format ts 
supported by SLICE only. The SLICE design 
package ts available, free of charge, to 
Qualified users. 


Philips Semiconductors—Signetics Programmable Logic Devices Product specification 


CMOS programmable electrically erasable PL22V10-10/-12/-15, 
logic device PL22V10115 


ABSOLUTE MAXIMUM RATINGS" 


SYMBOL PARAMETER CONDITIONS 


Voc Supply voltage Relative to GND 
5 


Vin: Vout | Voltage applied to any pin? Relative to GND? a 


lout 
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NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at these 
or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. Minimum DC input is -0.5V, however inputs may undershoot to —2.0V for periods less than 20ns. 

3. Vin and Vout are not specified for program/verify operation. 


OPERATING RANGES | 


: RATINGS . 
SYMBOL PARAMETER CONDITIONS UNIT 


Can [wa 
leek Secoasaancl ae <——— mmmien S Ne Os 


es 
ooxratine ——=«dt Seep? SSsS~=<“—*~*~‘—*‘“TS*C“‘(;!S SOOT 
a 
NOTES: 


1. Voltage applied to input or output must not exceed Vcc +0.3V. 
2. Test points for Clock and Vcc in tg, te, toL, toy, and tresey are referenced at 10% and 90% levels. 
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DC ELECTRICAL CHARACTERISTICS 
Commercial = 0°C $ Tan S +75°C, 4.75V < Voc < 5.25V; 
Industrial = —40°C $ Tam S$ +85°C, 4.5V < Voc < 5.5V 


| LIMITS 


Input voltage 


Vit Low -0.3 0.8 Ve 
Vin High 2.0 Vec + 0.3 Vv 


Output voltage 


Vo. Low — TTL Voc = MIN, Io, = 16mA Vv 
Voic Low — CMOS Voc = MIN, lo. = 10pA V 
Vou High - TTL Voc = MIN, loy = —4.0mA 2.4 V 
Vouc High - CMOS Voc = MIN, loy = —10nA Voc — 0.1 Vv 


Output current 


ESTATE ewer | [abi oti [ 
Ed a 
Saar [ewes | 


Voc active current, TTL 
(industrial) 


1. No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. _ 
2. I/O pins open (no load). 

3. Icc for a typical application: This parameter is tested with the device programmed as a 10-bit Counter. 

4. Typical values are at Voc = 5V. Typical values are guaranteed by design. 

5. Room temperature only. 
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AC ELECTRICAL CHARACTERISTICS 
Commercial = 0°C $ Tamy S$ +75°C, 4.75V < Veg $ 5.25V1-2: 
Industrial = 40°C < Tamp $ +85°C, 4.5V < Veg < 5.5V 


TEST 
PARAMETER CONDITIONS 


Input? to non-registered output 50pF 

tea Input? to Output Enable4* 50pF 

te Input? to Output Disable* 
tc C1 

to 


| PL22V10-15 
PL22V10-10 | PL22V10-12 }| PL22V10115 


SYMBOL 
tep 


c 


NIT 


—_ 
(>) 


| MIN 
ae 
ef 
ae, 
— 


a} om = 
orn on 


Clock to output 50pF 


seundbese convene | ape 
registered feedback 

: 
: 
tw, twy | Clock width — clock low time, clock high timeS 
top MIN clock period External (ts + to) 


50pF 76 


MAX operating frequency; External (1/tcp) 


9 
MAX clock frequency; — 
No feedback® (<< SOpF 83.3 


Asynchronous Reset recovery time 
tRESET Power-on reset time for registers in clear state 


Capacitance® 


Cin Input Capacitance” 


Cout Output Capacitance’ 


NOTES: 

1. Test conditions assume: signal transition times of 2.5ns or less from the 10% and 90% points, timing reference levels of 1.5V (unless otherwise 
specified). 

Device test loads are specified at the end of this section. 

“Input” refers to an Input pin signal. 

toe is measured from input transition to Vaer + 0.1V, top is measured from input transition to Voy — 0.1V or Vo, + 0.1V. 

Test points for Clock and Vcc in te, te, toi, tcy, and tars_e7 are referenced at 10% and 90% levels. 

Parameters are not 100% tested. Specifications are based on initial characterization and are tested after any design or process modification 
which may affect operational frequency. 

Capacitances are tested on a sample basis. 
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TEST LOAD CIRCUIT 


NOTES: af fe 
C1 and Co are to bypass Vcc to GND. 
Ry = 2352, Ro = 159Q, Cy = 50pF. 


THEVENIN EQUIVALENT . — VOLTAGE WAVEFORM 


+3.0V— — 


DUT OUTPUT 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


March 16, 1992 145 


Philips Semiconductors—Signetics Programmable Logic Devices Product specification 


CMOS programmable electrically erasable PL22V10-10/-12/-15, 
logic.device PL22V1 0115 


SWITCHING WAVEFORMS 
INPUT OR INPUT OR = 
FEEDBACK VT FEEDBACK 
tpp — ts tH 
comm : c.oek : 
tco 
REGISTERED ; 
Combinatorial Output OUTPUT T 
Registered Output 


CLK 


V/ 


REGISTER 


CLK 
V 
Q 
REGISTER 
a 
SF 


OUTPUT 


Clock to Combinatorial Output (tco2) 


1 
tsF | 


fuax1; Internal Feedback ( 


INPUT 


‘WH 


CLOCK VT 
OUTPUT 


tWL 
Clock Width Input to Output Disable/Enable 


INPUT ASSERTING INPUT ASSERTING 
ASYNCHRONOUS SYNCHRONOUS VT 
RESET PRESET 
ts ty ‘SPR 
REGISTERED VAVAVAV, 
OUTPUT KAKA CLOCK 


REGISTERED 


CLOCK OUTPUT Vr 


Asynchronous Reset Synchronous Preset 
NOTES: 
1. V7 = 1.5V. 
2. Input pulse amplitude OV to 3.0V. 
3. Input rise and fall times 2.5ns max. 
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“AND” ARRAY - (I, B) 


PD 
(Comme cone 

NOTE: 

1. This is the initial state. 

POWER-UP RESET parameter table are shown below. Due to the 1. The Vcc rise must be monotonic. 

The power-up reset feature ensures that all synchronous operation of the power-up reset =, Following reset, the clock input must not 

flip-flops will be reset to LOW after the device | and the wide range of ways Vcc can rise to 


be driven from LOW to HIGH until all 


has been powered up. The output state will its steady State, two conditions are required applicable input and feedback setup times 
depend on the programmed pattern. This to ensure a valid power-up reset. These are met 
feature is valuable in simplifying state conditions are: 


machine initialization. A timing diagram and 


| tS 
a ae 


Tt Power-up Reset Time 
Input or Feedback Setup Time See AC Electrical 
| tw. | Clock Width LOW Characteristics 


REGISTERED 
ACTIVE-LOW 
OUTPUT 


tWL 


Power-Up Reset Waveform 
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PRELOAD TEST CONDITION 


| LIMITS 
SYMBOL PARAMETER CONDITIONS UNIT 
tpz Output 3-State delay time after assertion of Preload 
— (Pin 2 = Vity) | 
tex Hold time of all preload inputs with respect to Clock 
rising edge a 
tpsu | Setup time of all preload inputs with respect to Clock 
rising edge 
eae eed 


Hold time for Preconditioning input 
Preload enable voltage 


PRELOAD WAVEFORM 


Vit OV 


VHH 14.75V 


ALL OTHER INPUTS 


ax 


VO PINS PRELOAD VALID DATA-OUT 
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H — ACTIVE HIGH 
L — ACTIVE LOW 


POLARITY 


POLARITY 
Ee a a CG 


CONTROL WORD 


B ~ COMBINATORIAL 


D — REGISTERED 


CMOS programmable electrically erasable 


logic device 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


F CLK/O | él I-11 
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PROGRAMMABLE 
AND ARRAY 
(44 x 132) 
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DESCRIPTION 

The PLQ22V10 is a versatile PAL device 
fabricated through the use of our BICMOS 
process known as QUBIC. This is an 
excellent device where fast propagation 
delays are required. 


The PLQ22V10 uses the familiar AND/OR 
logic array structure, which allows direct 
implementation of sum-of-product equations. 
This device has a programmable AND array 
driving a fixed OR array. This AND array is 
programmed to create custom product terms 
while the fixed OR array sums selected terms 
at the output. 


16 product terms per output for complex 
functions 


® Programmable output polarity 
© Power-up reset on all registers 
® Synchronous Preset/Asynchronous Reset 


® Programmable on standard PAL-type 
device programmers 


® Design support provided using SNAP or 
SLICE software development packages 
_ and other CAD tools for PLDs 


® Available in 300mil-wide 24-Pin Plastic DIP 


The OR sum of the products feeds the and 28-Pin PLCC 


“Output Macro Cell” (OMC) which can be 
individually configured as a dedicated input, a 
combinatorial output, or a registered output 
with internal feedback. In other words, the 
architecture provides maximum design 
flexibility by allowing the Output Macro Cell to 
be configured by the user. 


APPLICATIONS 
@ DMA control 


® State machine implementation 


This device is pin and JEDEC file compatible ® High speed graphics processing 
with industry standard 22V10 and can be 
used in all standard applications where speed 


is to be maximized. 


Order codes can be found in the Ordering 
Information table. 


© Counters/shift registers 
®@ SSI/MSI random logic replacement 


@ High speed memory decoder 


PIN LABEL DESCRIPTIONS 


FEATURES 


© Ultra fast 7.5ns tpp and 6ns tcxo 


® Pin and JEDEC file compatible to industry 
standard 22V10 


@ 24-Pin Versatile Programmable Array Logic 


® 10 input/output macro cells for architectural 
flexibility 


ORDERING INFORMATION 


DESCRIPTION 


24-Pin Plastic Dual-In-Line 
300mil-wide 


ORDER CODE 


PLQ22V10—7N 
PLQ22V10—7F 


) PLQ22V10-7A 


24-Pin Ceramic Dual-In-Line 
300mil-wide 


28-Pin Plastic Leaded Chip Carrier (PLCC 


®@PAL is a registered trademark of Advanced Micro Devices, Inc. 
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® Varied product term distribution with up to. 


PIN CONFIGURATIONS 


F and N Packages 


N = Plastic DIP (300mil-wide) 
F = Ceramic DIP (300mil-wide) 


A Package 


_— CLK/ 
11 1 NC Vcc F9 F8 


19 10 GND NC 111 Fo F1 
A = Plastic Leaded Chip Carrier 
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FUNCTIONAL DESCRIPTION 

The PLQ22V10 allows the systems engineer 
to implement the design on-chip, by opening 
fuse links to configure AND and OR gates 
within the device, according to the desired 
logic function. 


Product terms with all fuses opened assume 
the logical HIGH state; product terms 
connected to both True and Complement of 
any single input assume the logical LOW 
State. 


The PLQ22V10 has 12 inputs and 10 I/O 
Macro Cells (Figure 1). The Macro Cell 
allows one of four potential output 
configurations, registered output or 
combinatorial I/O, Active-HIGH or 


OUTPU repaccdd if eae 
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Active-LOW (see Figure 2). The configuration 
choice is made according to the user’s design 
specification and corresponding programming 
of the configuration bits So — S;. Multiplexer 
controls are connected to ground (0) through 
a programmable fuse link, selecting the “O” 
path through the multiplexer. Programming - 
the fuse disconnects the control line from 
GND and it floats to Vcc (1), selecting the “1” 
path. 


The device is produced with a fuse link at 
each input to the AND gate array, and 
connections may be selectively removed by 
applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming 
algorithm, these products can be rapidly 
programmed to any customized pattern. 


PROGRAMMABLE 


CER 


AND ARRAY 
(44 x 132) 


eno RACES. OUTPUT | 
PMACRO| 


— 


matey 


OUTPUT 
MACRO 


Figure 1. Functional Diagram 
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CELL zy 


Information on approved programmers can 
be found in the Programmer Reference 
Guide. Extra test fuses are pre-programmed 
during manufacturing to ensure extremely 
high field programming yields, and provide 
extra test paths to achieve excellent 
parametric correlation. 


Variable Input/Output Pin Ratio 


The PLQ22V10 has twelve dedicated input 
lines, and each Macro Cell output can be an 
/O pin. Buffers for device inputs have 
complementary outputs to provide 
user-programmable input signal polarity. 
Unused input pins should be tied to Vcc or 
GND. — 


OUTPUT 
>MACRO 
——] 


OUTPUTS 
Lp MacRo| 
— 


7 "al ae 


Reed 
-pMacro 
CELL 
ole di 
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OUTPUT MACRO CELL 


Combinatorial/Active-HIGH 


nprogrammed fuse 


rogrammed fuse 


c. Combinatorial/Active-LOW 


b. Registered/Active-HIGH d. Combinatorial/Active-HIGH 


Figure 3. 


Registered Output Configuration | Combinatorial /O Configuration 
Each Macro Cell of the PLQ22V10 includes a Any Macro Cell can be configured as 

D-type flip-flop for data storage and ‘combinatorial by selecting the multiplexer 
synchronization. The flip-flop is loaded on the _ path that bypasses the flip-flop (S; = 1). In 
LOW-to-HIGH transition of the clock input. In the combinatorial configuration, the feedback 
the registered configuration (S, = 0), the is from the pin. 

array feedback is from @ of the flip-flop. 
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ABSOLUTE MAXIMUM RATINGS! _ THERMALRATINGS 


RATINGS 
SYMBOL PARAMETER 


an | 
[Vcc | Supeiywotage ———SSC~*dC || Voc | | Maximumanbion | 750 


| Vin | Input voltage Allowable thermal rise 
Output voltage 


ambient to junction 


Output currents 
Storage temperature range 


NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 


RATINGS 
SYMBOL PARAMETER 


Supply voltage 
Operating free-air temperature 


DC ELECTRICAL CHARACTERISTICS Over commercial operating range unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS’ | MIN | MAX | UNIT 


Input voltage 


Vit Low Voc = MIN V 
Vin High Voc = MAX V 


Output voltage . 


Vee = MIN, VIN = Vin or Vir 
lot = 16mA 
lou =-3.2mA 


VoL Low 
High 


Vou 


hm 
(except Pin 1) 


ln (Pin 1) 


Low 


Low 
High 


Maximum input current 


Voc = MAX 
Vin = Vit or Vin, Vout = 2.7V 
Vin = Vit or Vin, Vout = 0.4V 
Voy = 0.5V 


Output leakage? 


Output leakage? 
Short circuit? 


NOTES: 


1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. Vout = 0.5V has been 
chosen to avoid test problems caused by tester ground degradation. 

3. I/O pin leakage is the worst case of loz x or li (where X = H or L). 
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AC ELECTRICAL CHARACTERISTICS Over commercial operating range unless otherwise specified. 


Input or feedback to non-registered output? 


i" een, 
eel 
rae 
bers 


UNIT 


N 


eas 
a 
[Cockwoumt —SSC~‘isCSC‘* 
re 
Cae | Asynehronous Resotioregiteedoupat [| 
Twa | AaycronousResetwiah 
[asa | Asynchronous Resetrecoveryime | 
[cen | Synchronous Presetrecoveryiime «| 
Tin | Wea ofGocktow Sd 
im | Wie of GockiGH ——SSC*iSSSS 
re a 
fot Pod 


AL 


E 


Maximum frequency; 
External feedback 1/(ts + tco)* 


Maximum frequency; 

Internal feedback 1/(ts + tcr)* 

Input to Output Enable® | 
Input to Output Disable® 


=k  % 
N N 


oes moms me) 


: pounce Test Conditions: Ry = 300Q, Ro = 390Q (see Test Load Circuit). 

2 tpp is tested with switch S, closed and C, = 50pF (including jig capacitance). Viy = 3V, Vi. = OV, Vz = 1.5V. 

3. Calculated from measured fyay internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where frequency 
may be affected. 

5. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modifed where capacitance 
may be affected. 


TEST LOAD CIRCUIT | VOLTAGE WAVEFORM 


+3.0V— —_ — 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTE: 
C1 and Co are to bypass Voc to GND. 


Input Pulses 
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SWITCHING WAVEFORMS 


INPUT OR . 
FEEDBACK T 


tpp 


COMBINATORIAL Vv 
OUTPUT T 


Combinatorial Output 


tg +tcr 


CLOCK VT 


Clock to Feedback (fyyay Internal) — 
(See Path at Right) 


tWH 


CLOCK Vr 


tWL 


Clock Width 


INPUT ASSERTING 
ASYNCHRONOUS 
RESET 


REGISTERED 
OUTPUT 


CLOCK 


Asynchronous Reset 


NOTES: 

1. V7 = 1.5V. 

2. Input pulse amplitude OV to 3.0V. 
3. Input rise and fall times 2.5ns max. 
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INPUT OR - 
FEEDBACK T 
ts tH 
CLOCK Vr 
tco 
REGISTERED 
OUTPUT Vr 


Registered Output 


INPUT 


OUTPUT 


Input to Output Disable/Enable 


INPUT ASSERTING 
SYNCHRONOUS VT 
PRESET 
ts tH tsPR 


CLOCK 


REGISTERED 
OUTPUT VT 


Synchronous Preset 
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Programmable 3-State Outputs 
Each output has a 3-State output buffer with 
3-State control. A product term controls the 
buffer, allowing enable and disable to be a 
function of any product of device inputs or 
output feedback. The combinatorial output 
provides a bidirectional I/O pin, and may be 
configured as a dedicated input if the buffer is 
always disabled. 


Programmable Output Polarity 
The polarity of each macro cell output can be 
Active-HIGH or Active-LOW, either to match 
output signal needs or to reduce product 
terms. Programmable polarity allows Boolean 
expressions to be written in their most 
compact form (true or inverted), and the 
output can still be of the desired polarity. It 
can also save “DeMorganizing” efforts. 


Selection is controlled by programmable bit 
So in the Output Macro Cell, and affects both 
registered and combinatorial outputs. 
Selection is automatic, based on the design 
specification and pin definitions. If the pin 
definition and output equation have the same 
polarity, the output is programmed to be 
Active-HIGH (So = 1). 


Preset/Reset 

For initialization, the PLQ22V10 has 
additional Preset and Reset product terms. 
These terms are connected to all registered 
outputs. When the Synchronous Preset (SP) 
product term is asserted high, the output 
registers will be loaded with a HIGH on the 
next LOW-to-HIGH clock transition. When the 
Asynchronous Reset (AR) product term is 
asserted high, the output registers will be 
immediately loaded with a LOW independent 
of the clock. 


Note that Preset and Reset control the 
flip-flop, not the output pin. The output level is 
determined by the output polarity selected. 


ABEL is a trademark of Data /O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Com. 
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Power-Up Reset 

All flip-flops power-up to a logic LOW for 
predictable system initialization. Outputs of 
the PLQ22V10 will depend on the 
programmed output polarity. The Voc rise 
must be monotonic and the reset delay time 
is 1-10p1s maximum. 


Register Preload 

The register on the PLQ22V10 can be 
preloaded from the output pins to facilitate 
functional testing of complex state machine 
designs. This feature allows direct loading of 
arbitrary states, making it unnecessary to 
cycle through long test vector sequences to 
reach a desired state. In addition, transitions 
from illegal states can be verified by loading 
illegal states and observing proper recovery. 


Security Fuse 

After programming and verification, a 
PLQ22V10 design can be secured by 
programming the security fuse link. Once 
programmed, this fuse defeats readback of 
the internal programmed pattern by a device 
programmer, securing proprietary designs 
trom competitors. When the security fuse is 
programmed, the array will read as if every 
fuse is programmed. 


Quality and Testability 

The PLQ22V10 offers a very high level of 
built-in quality. Extra programmable fuses 
provide a means of verifying performance of 
all AC and DC parameters. In addition, this 
verifies programmability and functionality of 
the device to provide the highest 
programming and post-programming 
functional yields. _ 
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Technology 

The BICMOS PLQ22V10 is fabricated with 
the Philips Semiconductors—Signetics 
process known as QUBiC. QUBiC combines 
an advanced, state-of-the-art 1.0um (drawn 
feature size) CMOS process with an ultra fast 
bipolar process to achieve superior speed 
and drive capabilities. QUBIC incorporates 
three layers of Al/Cu interconnects for 
reduced chip size, and our proven Ti-W fuse 
technology ensures highest programming 
yields. 


Programming 

The PLQ22V 10-7 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics’ SLICE and 
SNAP design software packages. ABEL™ 
CUPL™ and PALASM® 90 design software 
packages also support the PLQ22V10-7 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLQ22V 10-7 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SLICE only. The SLICE design 
package is available, free of charge, to 
qualified users. 


PROGRAMMING/SOFTWARE 
SUPPORT 

Refer to Section 8 (Development Software) 
and Section 9 (Third-Party Programming 
Support) of this data handbook for additional 
information. 
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OUTPUT REGISTER PRELOAD 3. Apply the desired value (Vi_p/Vjyp) to all 6. Lower Pin 2 or 3 to Viip. 
The preload function allows the registers to ee ished inhe sii : | 7. Enable the output registers according to 
be loaded from the output pins. This feature combinatorial output pins Hoaling. the programmed pattern. 
aids functional testing of sequential designs 


4. Clock Pin 1 from Vi_p to Vinp. ; : 
by allowing direct setting of output states. ihe alee 8. Verify Vo./Vou at all registered output 
The procedure for preloading follows: 5. Remove Vi_p/Vipp from all registered pins. Note that the output pin signal will 
1. Raise Voc to 5.0V + 0.25V. output pins. . depend on the output polarity. 


2. Set Pin 2 or 3 to Viiy to disable outputs 
and enable preload. 


. LIMITS 
SYMBOL PARAMETER 


mo fe fos | 
ze ce 
000 
io 


High-level input voltage 


ca 

<a 

a 
50 

[10 vaidater Fe Bar arope fom into ito 


to 


REGISTERED i 


OUTPUTS CoeC4) DATA OUT 


—_ — 


tp 


Output Register Preload Waveform 
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“AND” ARRAY - (I, B) 


siae [coe sie coe 
INACTIVE! | COMPLEMENT —pontcare | - | 


NOTE: 
1. This is the initial state. 


POWER-UP RESET | parameter table are shown below. Due to the 1. The Vcc rise must be monotonic. 


The power-up reset feature ensures that all synchronous operation of the power-up reset =, Following reset, the clock input must not 
fip-flops will be reset to LOW after the device and the wide range of ways Vcc can rise to be driven from LOW to HIGH until all 

has been powered up. The output state will __!ts steady state, two conditions are retuned applicable input and feedback setup times - 
depend on the programmed pattern. This to ensure a valid power-up reset. These Areunat 

feature is valuable in simplifying state conditions are: 


machine initialization. A timing diagram and 


| LIMITS 
SYMBOL PARAMETER UNIT 


Input or Feedback Setup Time See AC Electrical 
Clock Width LOW Characteristics 


REGISTERED 
ACTIVE-LOW 
OUTPUT 


Power-Up Reset Waveform 
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PROGRAM TABLE 


POLARITY 
ee ee et ee ee ee ee 


CONTROL WORD 


PAAAAAAANANAAARAAAAAAAAAAAAAAAAAAAARANARARAAAAAAAAAAANAAAAAARAAAAN 
-AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAAANS 
BAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANSA 


PAAAASAAASAASARARARASAASRARRAAAAAASRAARAAAARAARAARARARAAAAND 
PAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAANAAAAAMANN 2 1 <1<1<)</</</</</<{</ </< 
PAANAAAAAAAAAAAAAAAAAAAMAAAAAAAA Nel <4 <i<i< <<< <l<]</<1< < \AAAAAANAANNAAN 


AANA NeisaeatRAAARAAAAAAANKISNAAAANAAAANAAAAAAKADANKADD 
lel =l=[=/<(=l</<\ NNAAAANAAANAAANAAAAN AANA AANA AANA 


~ 


~ 


JWVN 
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F-AAAAAAAAAAAAAAAAAARAAAAAAAAARAAAAAAAAAAAAAAAAW 2 <[<]<14 lft] <A ANAAAAAA 
ARREARS 
LRN 
eNAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAAN 
PRR 
FARR 


_ 
eA AAAAAAAAAAAAAAANAAAAAAANANNAAAAAAAANAAANANAAAAAANAANANAAAANAANA 


ROGRAM TABLE (Continued) 


p 
rom 
66 _| 
68 
69 _| 
70_| 
71 | 
72 _| 
73_| 
74 | 
76_| 
80 _| 
rm 
82 _| 
83 | 
ru 
res | 
86 _| 
87 _| 
res _| 
90] 
ron | 
"92 | 
res _| 
94 _| 
rm 
96 _| 
98 _| 
"99 | 
‘100 _ 
01 _| 
02 
03 _| 
o4_| 
05 _| 
06 _| 
109 | 
110 _| 
14 
12 | 
13 | 
4 
15 | 
he | 
hn? 
hie | 
9 | 
120_| 
21! 
23 _| 
24 
25 
126 | 
29 | 
rm 
'sP_| 
PIN 
wy 
ay 
zs 
< 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


PROGRAMMABLE 
Sak AND ARRAY 
(44 x 132) 


V ) Sinan: 
ECKViG: 3 , c Gy 
N ih 
ouTPU OUTPUT] | OUTPU ouTPuTT ouTPuT|-] OUTPUT} +] OUTPU OUTPUT] OUTPUTT] OUTPUT 
RESET | MACRO al MACRO nal MACRO rf MACRO +P MACRO + MACRO +P MACRO +P MACRO Hood MACRO Hod MACRO 
a: CELL <P CELL =a — a aaa = ae saa ica suas 
SCLOCR: ee 
iF  OUTVIG: ¥ one: “a SOUTWIO: a OUT VIO: ae al aim rau Vaile Vaal 
Fa | [Fa | FS] Fe} | Fe | Fl 


Output Macro Cell 
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DESCRIPTION 

The 10H20EV8/10020EVS8 is an ultra 
high-speed universal ECL PAL® device. 
Combining versatile output macrocells with a 
standard AND/OR single programmable 
array, this device is ideal in implementing a 
user’s custom logic. The use of Signetics 
state-of-the-art bipolar oxide isolation process 
enables the 10H20EV8/10020EV8 to achieve 
optimum speed in any design. The SNAP 
design software package from Signetics 
simplifies design entry based upon Boolean 
or state equations. 


The 10H20EV8/10020EVS8 is a two-level logic 
element comprised of 11 fixed inputs, an 
input pin that can either be used as a clock or 
12th input, 90 AND gates, and 8 Output Logic 
Macrocells. Each Output Macrocell can be 
individually configured as a dedicated input, 
dedicated output with polarity control, a 
bidirectional I/O, or as a registered output 
that has both output polarity control and 
feedback to the AND array. This gives the 
part the capability of having up to 20 inputs 
and eight outputs. 


The 10H20EV8/10020EV8 has a variable 
number of product terms that can be OR'd 
per output. Four of the outputs have 12 AND 
terms available and the other four have 8 
terms per output. This allows the designer the 
extra flexibility to implement those functions 
that he couldn't in a standard PAL device. 
Asynchronous Preset and Reset product 
terms are also included for system design 
ease. Each output has a separate output 
enable product term. Another feature added 
for the system designer is a power-up Reset 
on all registered outputs. 


ORDERING INFORMATION 
DESCRIPTION 


24-Pin Ceramic Dual In-Line 
(300mil-wide) 


28-Pin Plastic Leaded Chip Carrier 


The 10H20EV8/10020E V8 also features the 

ability to Preload the registers to any desired 

state during testing. The Preload is not 

affected by the pattern within the device, so 

can be performed at any step in the testing 

sequence. This permits full logical verification 
~ even after the device has been patterned. 


FEATURES 
® Ultra high speed ECL device 
— tpp = 4.5ns (max) | 
— tis = 2.6ns (max) 
- tcxo = 2.3ns (max) 
-_ fax = 208MHz 
® Universal ECL Programmable Array Logic 
— 8 user programmable output macrocells 
— Up to 20 inputs and 8 outputs 
— Individual user programmable output 
polarity 
® Variable. product term distribution allows 
increased design capability 
© Asynchronous Preset and Reset capability 
®@ 10KH and 100K options 


© Power-up Reset and Preload function to 
enhance state machine design and testing 


® Design support provided via SNAP and 
other CAD tools _ 


® Security fuse for preventing design 
duplication 


® Available in 24-Pin 300mil-wide DIP and 
28-Pin PLCC. 


ORDER CODE 


10H20EV8-—4F 
10020EV8-4F 


10H20EV8-4A 
10020EV8-4A 


®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PIN CONFIGURATIONS 


F Package 


F = Ceramic DIP (300mil-wide) 


A Package 


CLKAy2 Ig ty NC Vcc hia bho 


lg Is Vee NC Ig 7 Ie 
A = Plastic Leaded Chip Carrier 
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NOTES 


ic “0” 


“AND” gate locations are pulled to log 
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i 
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1. All unprogrammed or 


PEE LETTE 


3. Pinout for F Package 
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FUNCTIONAL DIAGRAM 


Tose, 


a a 
F F 


FUNCTIONAL DESCRIPTION 

The 10H20EV8/10020EVS is an ultra 
high-speed universal ECL PAL-type device. 
Combining versatile Output Macrocells with a 
standard AND/OR single programmable 
array, this device is ideal in implementing a 
user's custom logic. 


ee Be. 
= 
CLK—¥? 


AR 


FEEDBACK 
ah 


Voc 


are » Sooe’ Hp tone To Hp tee sa7 in 


PROGRAMMABLE AND ARRAY 
| (90 x 40) 


a 


As can be seen in the Logic Diagram, the 
device is a two-level logic element with a 
programmable AND array. The 20EV8 can 
have up to 20 inputs and 8 outputs. Each 
output has a versatile Macrocell whereby the 
output can either be configured as a 
dedicated input, a dedicated combinatorial 


output with polarity control, a bidirectional I/O, 


or as a registered output that has both output 
polarity control and feedback into the AND 
array. 


Figure 1. Output Logic Macrocell 
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The device also features 90 product terms. 
Two of the product terms can be used for a 
global asynchronous preset and/or reset. 
Eight of the product terms can be used for 
individual output enable control of each 
Macrocell. The other 80 product terms are 
distnbuted among the outputs. Four of the 
outputs have eight product terms, while the 
other four have 12. This arrangement allows 
the utmost in flexibility when implementing 
user patterns. 


Output Logic Macrocell 

The 10H20EV8/10020EV8 incorporates an 
extremely versatile Output Logic Macrocell 
that allows the user complete flexibility when 
configuring outputs. 


As seen in Figure 1, the 10H20EV8/ 
10020EV8 Output Logic Macrocell consists of 
an edge-triggered D-type flip-flop, an output 
select MUX, and a feedback select MUX. 
Fuses So and S, allow the user to select 
between the various cells. S; controls 
whether the output will be either registered 
with internal feedback or combinatorial VO. 
Sp controls the polarity of the output (Active- 
HIGH or Active-LOW). This allows the user to 
achieve the following configurations: 
Registered Active-HIGH output, Registered 
Active-LOW output, Combinatorial Active- 
HIGH output, and Combinatorial Active-LOW 
output. With the output enable product term, 
this list can be extended by adding the 
configurations of a Combinatorial I/O with 
Polarity or another input. 
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ABSOLUTE MAXIMUM RATINGS" 


a OR 


Ty | Storage Temperature range 
NOTE: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at 
these or any other condition above those indicated in the operational and programming specification of the device is not implied. 


DC OPERATING CONDITIONS 10H20EV8 


Supply voltage (negative) 


High level input voltage 


Low level input voltage Tamb = +25°C 


NOTE: . 
When operating at other than the specified Ve¢ voltage (—5.2V), the DC and AC Electrical Characteristics will vary slightly from specified values. 
DC OPERATING CONDITIONS 10020EV8 
TEST 
CONDITIONS 


Operating ambient temperature range 


NOTE: 


When operating at other than the specified Vee voltages (~4.2V, —4.5V, —4.8V), the DC and AC Electrical Characteristics will vary slightly from 
their specified values. 
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Registered Active-HIGH 


Combinatorial Active-HIGH 


OUTPUT MACRO CELL 
CONFIGURATION 


Shown in Figure 2 are the four possible 
configurations of the output macrocell using 
fuses Sp and S,. As seen, the output can 
either be registered Active-HIGH/LOW with 
feedback or combinatorial Active-HIGH/LOW 
with feedback. If the registered mode is 
chosen, the feedback from the © output to 
the AND array enables one to make state 
machines or shift registers without having to 
tie the output to one of the inputs. Ifa 
combinatorial output is chosen, the feedback 
gate is enabled from the pin and allows one 
to create permanent outputs, permanent 
inputs, or I/O pins through the use of the 
output enable (D) product term. 


OUTPUT ENABLE 

Each output on the 10H20EV8/10020EV8 
has its own individual product term for output 
enable. The use of the D product term 
(direction control) allows the user three 
possible configurations of the outputs. They 
are: always enabled, always disabled, and 
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Figure 2. Output Macro Cell Configurations 


controlled by a programmed pattern. A HIGH 
on the D term enables the output, while a 
LOW performs the disable function. Output 
enable control can be achieved by 
programming a pattern on the D term. 


_ The output enable control can also be used to 


expand a designer's possibilities once a 
combinatorial output has been chosen. If the 
D term is always HIGH, the pin becomes a 
permanent Active-HIGH/LOW output. If the 
D term is always LOW (all fuses left intact), 
the pin now becomes an extra input. 


PRESET AND RESET 

The 10H20EV8/10020EV8 also includes a 
separate product term for asynchronous 
Preset and asynchronous Reset. These lines 
are common for all registers and are asserted 
when the specific product term goes HIGH. 
Being asynchronous, they are independent of 
the clock. It should be noted that the actual 
State of the output is dependent on how the 
polarity of the particular output has been 
chosen. If the outputs are a mix of 
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Registered Active-LOW 


Combinatorial Active-LOW 


Active-HIGH and Active-LOW, a Preset signal 
will force the Active-HIGH outputs HIGH 
while the Active-LOW outputs would go LOW, 
even though the Q output of all flip-flops 
would go HIGH. A Reset signal would force 
the opposite conditions. 


PRELOAD 

To simplify testing, the 1OH20EV8/10020EV8 
has also included PRELOAD circuitry. This 
allows a user to load any particular data 
desired into the registers regardless of the 
programmed pattern. This means that the 
PRELOAD can be done on a blank part and 
after that same part has been programmed to 
facilitate any post-fuse testing desired. 


It can also be used by a designer to help 
debug a circuit. This could be important if a 
state machine was implemented in the 
10H20EV8&/ 10020EV8. The PRELOAD 
would allow the entry of any state in the 
sequence desired and start clocking from that 
particular point. Any or all transitions could be 
verified. 
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DC ELECTRICAL CHARACTERISTICS 10H20EV8 
0°C < Tamb S$ +75°C, Veg = -5.2V + 5%, Veco = Veo: = Veo2 = GND 


SYMBOL PARAMETER™ | TEST CONDITIONS? MIN = ue 
Vou High level output voltage Vin = Vin MIN or Vy. MAX —840 
-810 | mV 
| -735 
VoL Low level output voltage Vin = Vin MIN or Vy, MAX —1630 
| -1630 | mV 
~1600 
, 


High level input current Vin = Vip MAX 0°Cc 
+75°C 
hie Low level input current Vin = Vip MIN 0°C 
. Except I/O Pins +75°C 
ee Supply current Ver = MAX 0°C to +75°C 
All inputs = V;4, MAX 


DC ELECTRICAL CHARACTERISTICS 10020EV8 
0°C < Tamb S$ +85°C, —4.8V < Veg <-4.2V, Voc = Veo; = Voo2 = GND 


PARAMETER! TEST CONDITIONS? 


Veg = —4.2V 
Veg = —4.5V 
Veg =4.8V 
Ver = —4.2V 
Vee =—4.5V 
Vee = -4.8V 
Veg =—-4.2V 
Vee = -4.5V 
Ver =—4.8V 
Veg =—4.2V 
Veg =—4.5V 
Veg = —4.8V 


‘High level input current One input under test at Viywax. Other inputs at Vi win. 
Low level input current One input under test at Vii min. Other inputs at Viimax. 
Vee supply current All inputs at Vinmax. 


NOTES: 

1. All voltage measurements are referenced to the ground terminal. 

2. Each ECL 10KH/100K series device has been designed to meet the DC specification after thermal equilibrium has been established. 
Thermal equilibrium is established ty applying power for at least 2 minutes, while maintaining transverse airflow of 2.5 meters/sec (500 linear 
feet/min.) over the device, mounted either in a test socket or on a printed circuit board. Test voltage values are given in the DC operating 
conditions table. Conditions for testing shown in the tables are not necessarily worst case. For worst case testing guidelines, refer to 
DC Testing, Chapter 1, Section 3, of the Signetics 10/100K ECL Data Handbook. 

3. Terminals not specifically referenced can be left electrically open. Open inputs assume a logic LOW state. Any unused pins can be 
terminated to —2V. If tied to Veg, it must be through a resistor > 10K. It is recommended that pins that have been programmed as RESET, 
PRESET, or CLOCK inputs not be left open due to the possibility of false triggering from internally and externally generated switching 
transients. 

4. The specified limits represent the worst case values for the parameter. Since these worst case values normally occur at the supply voltage 
and temperature extremes, additional noise immunity can be achieved by decreasing the allowable operating condition ranges. 


~—1020 
High level output voltage Vin = Vi MAX or Vi. MIN 
| ~1035 
—1030 


—1035 


Outputs 
Loaded 
with 50Q 
to —2.0V 
+0.010V 


Apply Vinmin Or Viimax to 


one input at a time, other 


High level output threshold voltage 


inuts at Vinmax Or Vicmin. 


Apply Vinmin or Vimax to 


One input at a time, other 


Low level output threshold voltage 


inuts at Vinmax Or ViLMIN. 


Low level output voltage 


Inuts at Vinmax Or Vicmin. 


—1830 | 
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AC ELECTRICAL CHARACTERISTICS (for Ceramic Dual In-Line Package) 
1OH20EV8: 0°C < Tarp S +75°C, Veg = —-5.2V + 5%, Voc = Veo: = Veo2 = GND 
10020EV8: 0°C < Tam S +85°C, —4.8V S Vee s -4.2V, Voc = Veo = Vco2 = GND 


: 7 | LIMITS! 
_ ane Tre wane [ae [ves [wane [ne ve [wre 


Pulse Width 


Clock High > CLK + CLK - : ; 
Clock Low CLK — CLK + : Oo } 0. 
Clock Period CLK + CLK + : : 
Preset/Reset Pulse (I, VO) + (I, VO) + : : 


Setup and Hold Time . 
‘Input (I, VO) + CLK + 


Input CLK + (I, WO) + 


Clock Resume after | (1, 1/O)+ | CLK+ 
Preset/Reset 


Input (I, WO) + 
Clock CLK + 
Output Enable (I, VO) + 
Output Disable (I, /O) + 
Preset/Reset (I, /O) + 


_ Power-on Reset Vee 


NOTES: 

1. Refer to AC Test Circuit and Voltage Wafeforms diagrams. 

2. Maximum loading conditions: 89 fuses intact per row. 

3. Typical loading conditions: 15 fuses intact per row. (All “inactive” fuses, except those necessary for correct functionality, are removed. ) 
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AC ELECTRICAL CHARACTERISTICS (for Plastic Leaded Chip Carrier) 
1OH20EV8: 0°C < Tamm S$ +75°C, Ver = -5.2V + 5%, Voc = Veo: = Veo2 = GND 
1O020EV8: O0°C Ss Tamb < +85°C, —4.8V < Vee < -4.2V, Voc = Veo: = Voo2 = GND 


Pan [vee wae [we [ve [we [on [vee [wae 


Pulse Width 

Clock High 
Clock Low 
Clock Period 


Preset/Reset Pulse 


CLK + 
CLK — 
CLK + 
(1, VO) + 


CLK — 
CLK + 
CLK + 
(I, VO) + 


Input 


(1, VO) + 
CLK + | 
(1, VO) + 


Input 


Clock Resume after 
Preset/Reset 


Input 
Clock 
Output Enable 
Output Disable 


(I, WO) + 
CLK + 
(1, VO) + 
(I, WO) + 
(I, VO) + 


Preset/Reset 


Power-on Reset 


1. Refer to AC Test Circuit and Voltage Wafeforms diagrams. 
2. Maximum loading conditions: 89 fuses intact per row. 
3. Typical loading conditions: 15 fuses intact per row. (All “inactive” fuses, except those necessary for correct functionality, are removed.) 
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AC TEST CIRCUIT 


+2.0V + 0.010V 


Veco Yco2 


Fx 


= ii 0.01nF © 


-2.5V +.0.010V FOR 10020EV8 
~3.2V + 0.010V FOR 10H20EV8 


NOTES: igh 
1. Use decoupling capacitors of 0.1uF and 25uF from GND to Vcc, and 0.01pF and 25yF from GND to Veg (0.01 and 0.1pF capacitors © 
should be NPO Ceramic or MLC type). Decoupling capacitors should be placed as close as physically possible to the DUT and lead 
length should be kept to less than '/, inch (6mm). | 
. All unused inputs should be connected to either HIGH or LOW state consistent with the LOGIC function required. 
. All unused outputs are loaded with 50Q to GND. 
. Ly and Ly are equal length 50Q impedance lines. Ls, the distance from the DUT pin to the junction of the cable from the Pulse 
Generator and the cable to the Scope, should not exceed '/, inch (6mm). 
. Ry = 50Q terminator internal to Scope. ~ 
. The unmatched wire stub between coaxial cable and pins under test must be less than '/, inch (6mm) long for proper test. 
. C, = Fixture and stray capacitance < 3pF. 
. Any unterminated stubs connected anywhere along the transmission line between the Pulse Generator and the DUT or between the 
DUT and the Scope should not exceed '/, inch (6mm) in length (refer to section on AC setup procedure). 
9. All 50Q resistors should have tolerance of + 1% or better. 
10. Test procedures are shown for only one input or set of input conditions. Other inputs are tested in the same manner. 
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VOLTAGE WAVEFORMS 


+1110mV (10H20EV8) 

+1050mV (10020EV8) 
NEGATIVE 
PULSE 


+1110mV (10H20EV8) 
+1050mV (10020EV8) 


POSITIVE. 
PULSE 


INPUT PULSE REQUIREMENTS 
Voc = Voo1 = Vooo = +2.0V +0.010V, Veg = -3.2V + 0.010V, V7 = GND (OV) 


FAMILY | AMPLITUDE | REPRATE | PuLSEWIOTH | tru | frat 
torH ect | soomvp-p | rmHz | some | 1.92026 | 1.920.2n8 


INPUT PULSE REQUIREMENTS 
Voc = Yoo = Voo2 = +2.0V +0.010V, Veg = -2.5V + 0.010V, V7 = GND (OV) 


Input Pulse Definition 
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TIMING DIAGRAMS 


1, VO 
4H 


~~“ —— 4s 
50%, 50% 50% - 


Ck tCKL 


tcK 
ttxo” 
vo 
(REGISTERED 50% 
OUTPUT) 


$$ $$ $$ 
tpp 


vo 
(COMBINATORIAL 50% 
OUTPUT) 


Flip-Flop and Gate Outputs 


ov 


VEE = —4.04 10H20EV8 
VEE = ~4.2 10020EV8 


VEE 


— > <—_— tppr 


REGISTERED 
ACTIVE-LOW 
OUTPUT 


me) 
(INPUT) 50% 


Power-On Reset 
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TIMING DIAGRAMS (Continued) 


1,0 
(INPUT) 


Output Enable/Disable 


ASYNCHRONOUS 
PRESET/RESET 


Me) 
(OUTPUT) 


Asynchronous Preset/Reset 
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REGISTER PRELOAD 

The 10H20EV8/10020E V8 has included 
Circuitry that allows a user to load data into 
the output registers. Register PRELOAD can 
be done at any time and is not dependent on 
any particular pattern programmed into the 
device. This simplifies the ability to fully verify 
logic states and sequences even after the 
device has been patterned. 


The pin levels and sequence necessary to 
perform the register PRELOAD are shown 
below. 


OUTPUTS 


DISABLE OUTPUTS APPLY EXTERNAL DATA PRELOADED REMOVE EXTERNAL 
ENABLE PRELOAD INPUTS TO BE AND PRELOAD INPUTS 
PRELOADED DISABLED 


LIMITS. 
TY 


SYMBOL PARAMETER | MIN 
Vv Input HIGH level during 
IH PRELOAD and Verify | 
Vv Input LOW level during Vv 
iL PRELOAD and Verify 
pepe hs 
NOTE 


PRELOAD enable voltage 
applied to |,, 


1. Unused inputs should be handled as follows: 
- Set at Vi, or Vit 
— Terminated to -2V 
— Tied to Veg through a resistor > 10K 
- Open 
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LOGIC PROGRAMMING All packages allow Boolean and state SLICE only. SLICE is available, free of 
The 10H20EV8/10020E VS is fully supported equation entry formats. SNAP, ABEL and charge, to qualified users. 
by industry standard (JEDEC compatible) ry paso ae cept, a5 input, schemabe To implement the desired logic functions, the 
PLD CAD tools, including Signetics SLICE capture format. state of each logic variable from logic 
and SNAP design software packages. 10H20EV8/10020E V8 logic designs can also — equations (I, F, Q, etc.) is assigned a symbol. 
ABEL™ and CUPL™ design software be generated using the program table entry The symbols for TRUE, COMPLEMENT, 
packages also support the format detailed on the following page. This INACTIVE, PRESET, etc., are defined below. 


10H20EV8/10020EV8. program table entry format is supported by 


“AND” ARRAY - (I), (F), (Q,) 


P, D, AP, AR P, D, AP, AR 


[State ‘| Cove | | _ State ___| CODE | 
Pwwactve®? [| 0 | DonTcare | — | 


NOTES: 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (P, D, AP, AR) will be unconditionally inhibited if any one of the |, F or Q link pairs is left intact. 


OUTPUT MACROCELL CONFIGURATIONS 


OUTPUT MACROCELL CONFIGURATION er enero POLARITY FUSE 
H 


1. This is the initial (unprogrammed) state of the device. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 8 (Development Software) 
and Section 9 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 


ABEL is atrademark of Data /O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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PROGRAM TABLE 


POLARITY 


CONTROL WORD 


ia 
Bl 
e 

VAA\AAAAAAAAAAAAAAAA eli AAA 
ATA 
eo 
5 


Se TR TIHAHOHOTOaPOPaVOVOVOVOQOQOQOQGNONONONONGNUEGGNGNONQUOUQNONONANANONAIAENENETE 


~ 


Pn | 3 {25 | 22 | 16 | 15 | 14 | 13] 11 | 10] 9 | 2 [4 [21 | 20/18/17] 8 1715 [4 | 


JWYN 
TIGVINVA 
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SNAP 


Features 
© Schematic entry using DASH™ 4.0 or 
above or OrCAD™ SDT Ill 


© State Equation Entry 
® Boolean Equation Entry 


® Allows design entry in any combination of 
above formats 
® Simulator 
— Logic and fault simulation 
- Timing model generation for device 
timing simulation 
—- Synthetic logic analyzer format 


@ Macro library for standard TTL and user 
defined functions 


® Device independent netlist generation 


® JEDEC fuse map generated from netlist 


SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 
combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 


DASH is a trademark of Data /O Corporation. 
OrCAD is a trademark of OrCAD, inc. 


the user the freedom to design independent 
of the device architecture. 


The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms. SNAP merges the 
inputs, regardless of the type, into a high- 
level netlist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 


SNAP's simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 
complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 


SLICE | 

SLICE, which supports Signetics PLD line, is 
easy to understand and simple to use. Select 
a PLD, assign input and output pins and 
enter the desired equations in either Boolean 
or state form. SLICE then checks the 


IBM is a registered trademark of International Business Machines Corporation. 
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equations for errors. {t automatically 
generates a JEDEC-format fuse map for 


downloading to a PLD programmer. 


Fully menu driven, SLICE incorporates a fuse 
table editor for making quick modifications to 
the design and a test vector editor for input of 
test vectors. a 


_A built-in Boolean equation extractor allows | 


existing PLDs to be used as the basis fora 
new design. the extractor reads JEDEC 
information from a PLD and creates a file 
containing the corresponding Boolean 
equations. The result can then be used to 
consolidate several PLD designs into a 
single, denser part. | 


And SLICE is upward compatible with 
Signetics extensive design suite, SNAP. 


DESIGN SECURITY 

The 10H20EV8/10020EV8 has a 
programmable security fuse that controls the 
access to the data programmed in the device. 
By using this programmable feature, | 
proprietary designs implemented in the 
device cannot be copied or retrieved. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


ty MAGROCELL Ty MACROGELL aatn MACROCELL 


va 


ourput [T] , ouTpuT Hp dace FH ourpur Hal ourpuT Th ouTPUT rh ourpuT nal ourpuT 


LOGIC 
HELE: | MACROCELL HH MACROCELL HH MACROCELL HH MACROCELL HH — 
Soureve: | Ssoureve: | Soureve: | soureve: | Weoureve: | Wooureve: | Weoureva: | Wzoureve: 


a) 
«0 
a 

5 
1 
=O 
=O 
«0 


FEEDBACK 
: MUX: 
—- 


Output Logic Macrocell 
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DESCRIPTION FEATURES ~ PIN CONFIGURATION 


The PHD48N22-7 is an ultra fast 
Programmable High-speed Decoder featuring 


® |deal for high speed system decoding 


a 7.5ns maximum propagation delay. The © Super high speed at 7.5ns tpp 
architecture has been optimized using e : : 

Signetics state-of-the-art bipolar oxide a8 Geccaied mipiNs 

isolation process coupled with © 22 outputs 

titanium-tungsten fuses to achieve superior — 12 bidirectional I/O 

speed in any design. — 10 dedicated outputs 


The PHD48N22-7 is a two level logic 
element comprised of 36 fixed inputs, 

73 AND gates, 10 outputs, and 12 
bidirectional I/Os. This gives the device the 
ability to have as many as 48 inputs. 
individual 3-State control of all outputs is also 
provided. 


The device is field-programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 
Proprietary designs can be protected by 
programming the security fuse. 


The SLICE and SNAP software packages 
from Philips Components—Signetics support 
easy design entry for the PHD48N22-7 as 
well as other PLD devices. 


Order codes are listed below. 


ORDERING INFORMATION 


® Security fuse to prevent duplication of 
proprietary designs. 


® |ndividual 3-State control of all outputs 


© Field-programmable on industry standard 
programmers 


® Available in 68-Pin Plastic Leaded Chip 
Carrier (PLCC) 


APPLICATIONS 
® High speed memory decoders 


® High speed code detectors 
© Random logic 

© Peripheral selectors 

@ Machine state decoders 


A Package 


Pin 
35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 


DESCRIPTION . ORDER CODE 
68-Pin Plastic Leaded Chip Carrier PHD48N22-7A — 
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LOGIC DIAGRAM 


INPUTS (0 - 95) 
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FUNCTIONAL DIAGRAM 
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OR1 - OR3 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


RATINGS TEMPERATURE 
SYMBOL PARAMETER | MIN UNIT 


[MAX 
i 
| 


Allowable thermal rise : 
ambient to junction 75°C 


Output currents 
Operating temperature range 
Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 


os 
Pin | putearens SS] | mk 

3 

Ee) 


OPERATING RANGES 


| RATINGS 
SYMBOL PARAMETER UNIT 
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Programmable high-speed decoder logic 


(48 x 73 x 22) PHD48N22-7 


DC ELECTRICAL CHARACTERISTICS 
o°c s Tam Ss +75°C, 4.75 < Vec < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS Ca UNIT 


vee eee 
Voc = MIN 
“a Veco = MAX 
Clamp Voc = MIN, lin = -—18mMA 
cu voltage 


Voc = MIN, Vin = Vin OF Vit 
lot =+24mA | 
lou =-3.2mA 


Voc = MAX 
Vin = +0.40V 
Vin = +2.7V 

Vin = Voc = Veo MAX 


Output current 


Voc = MAX 
loz Output leakage 3 Vout = +2.7V 
= Output leakage ° Vout = +0.40V 

Short circuit 4 Vout = +0V 


a 


Capacitance® 


Voc = +5V 
Vin = 2.0V @f = 1MHz 
Vout = 2.0V @ f = 1MHz 


. Typical limits are at Voc = 5.0V and Tamp = +25°C. 

These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
Leakage current for bidirectional pins is the worst case of Ij, and loz, or I and Ioz,. 

Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
. These parameters are not 100% tested, but are periodically sampled. 


mp wf = 
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AC ELECTRICAL CHARACTERISTICS 
O°C < Tam < +75°C, 4.75 < Voc < 5.25V, Ry = 200Q, Ro = 3902 
Operating temerature at 200 CFM Minimum air flow. 


| | ‘TEST 
Propagation del 
tep! dal ae a ious (|, B, OR) + C, = 50pF i 
woe! | Pronagatonsetey | 8 ons ee 


‘Output Enable { (l,B,OR)+ {| Output enable 
Output Disable (,B,OR)+ | Output disable C, = 5pF 
NOTES: 


1. tpp;, 2 are tested with switch S, closed and C, = 50pF. 

2. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. 


VIRGIN STATE TIMING DEFINITIONS 


A factory shipped virgin device contains all SYMBOL PARAMETER 


fusible links intact, such that: 

1. All outputs are disabled. Input to output propagation 
delay (through B/O outputs). 

oa Input to output propagation 


2. All p-terms are disabled in the AND array. 
delay (through OR outputs). 


Input to Output Disable 
(3-State) delay (Output 
Disable). 


Input to Output Enable delay 
(Output Enable). 


TIMING DIAGRAM 


INPUTS, I/O XY =D = 
a: i Ge» So. 
tpp1,2 en toe>| 
ourpurs DOOR) Wii 7/7 
ts, CD yy yyy ann! 


VoL 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE DON'T CARE; CHANGING; 
STEADY STEADY ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 
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wh 


~~ Ls) o & wn @ NS @ © o 


: 
: 
: 


8 9 10 1% 12 13 14 15 16 
o OR Outputs TEST CONDITIONS: Tam = 75°C; 
e =B/O Outputs Voc = 4.75V; CL = 50pF; 
Ry = 2000; Ro = 3902 


Worst-Case Propagation Delay vs. Number of Outputs Switching 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTE: 
C; and Co are to bypass Voc to GND. 


Input Pulses 
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(48 x 73 x 22) 


PHD48N22-7 


LOGIC PROGRAMMING 

The PHD48N22-7 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 
CUPL™ and PALASM@ 90 design software 
packages also support the architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


“AND” ARRAY - (I, B) 


PHD48N22-7 logic designs can also be PROGRAMMING/SOFTWARE 
generated using the program table entry SUPPORT 


format, which is detailed on the following Refer to Section 8 (Development Software) 
pages. This program table entry format is and Section 9 (Third-Party Programmer/ 


supported by SLICE. The SLICE design Software Support) of this data handbook for 
package is available, free of charge, to additional information: 


qualified users. 


To implement the desired logic functions, 
each logic variable (|, B, P and D) from the 
logic equations is assigned a symbol. TRUE 
(High), COMPLEMENT (Low), DON’T CARE 
and INACTIVE symbols are defined below. 


[sare [cove] | [state] cone | 


NOTE: 
1. This is the initial state. 


ABEL is a trademark of Data YO Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASN is a registered trademark of AMD Corp. 
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TYPICAL SYSTEM APPLICATION 


EXTERNAL 
INTERRUPTS 
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Series 28 


PLS100/101 
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PLS153/A 


DESCRIPTION | 

The PLS153 and PLS153A are two-level 
logic elements, consisting of 42 AND gates 
and 10 OR gates with fusible link connections 
for programming I/O polarity and direction. 


All AND gates are.linked to 8 inputs (I) and 
10 bidirectional I/O lines (B). These yield 
variable I/O gate configurations via 10 
direction control gates (D), ranging from 18 
inputs to 10 outputs. 


On-chip T/C buffers couple either True (I, B) 
or Complement (I, B) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. Their output polarity, in 
turn, is individually programmable through a 
set of EX-OR gates for implementing 
AND/OR or AND/NOR logic functions. 


The PLS153 and PLS153A are 
field-programmable, enabling the user to 
quickly generate custom patterns using 
standard programming equipment. 


ORDERING INFORMATION 


October 18, 1990 


DESCRIPTION 
20-Pin Plastic Dual In-Line, 300mil-wide PLS153N, PLS153AN 
20-Pin Plastic Leaded Chip Carrier PLS153A, PLS153AA 


FEATURES 

© Field-Programmable (Ni-Cr links) 
® 8 inputs 

® 42 AND gates 

®@ 10 OR gates 

® 10 bidirectional I/O lines 

® Active-High or -Low outputs 

®@ 42 product terms: 


— 32logicterms 
= 10 control terms 


© |/O propagation delay: 
- PLS153: 40ns (max) 
— PLS153A: 30ns (max) 


_ © Input loading: -100LA (max) 


© Power dissipation: 650mA (typ) 
© 3-State outputs 
© TTL compatible 


APPLICATIONS 
® Random logic 


© Code converters 

© Fault detectors 

® Function generators 
© Address mapping 

® Multiplexing 


ORDER CODE 


195 


_PIN CONFIGURATIONS 


N = Plastic DIP (300mil-wide) 


A Package 


ly Io Voc Bg 


Bo GND B; By B3 


A = Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pnon=A°B:C:-D-... 
TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY = L 
Z=PO+Pt+ PP +... 


7=PO-PT-PS-... 


NOTES: 

1. For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed via 
the Ex-OR gates. 

2. 2,A,B,C, etc. are user defined connections to fixed 
inputs (1) and bidirectional pins (B). 


853-0311 00749 
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LOGIC DIAGRAM 


—s 


_ @— (CONTROL TERMS) 


——— ee (LOGIC TERMS-P) —_—_—_—___—_- 


Ss es OO a SSS Ge A Ss GG Gs 
CE SE UE SER SR RE SN A WO NE A ON PE OE TR SS A EE ees a Me 
Us Luci cselbmch inal aammel mm romrel ammasbeasnel ren nandpamendememadenenl meielLemendgmand-oueelaulsivand.enaemeedseceel pannel amnseleamnaf at aml eran’ mh rare es seven nc RN A NRE TL 
= [eas pe eee eee of eb 


TTL en ee te 


Roe 


santos eae eae ea 
es 


ABASRUR ESE Aa PD 


Sie e000 024 ZGeeveseifi5eeeeee § Jeeveceee Si 


gate locations are pulled to logic "1". 


gate locations are pulled to logic “0”. 


connection. 


1. All programmed ‘AND’ 
2. All programmed ‘OR’ 


NOTES: 


3. 


&% Progra 
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FUNCTIONAL DIAGRAM 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


| RATINGS . 
SYMBOL | | PARAMETER 


[vec | Sepiwtege 

a 

iw | puteurens SSC 0m 
sae 
ee 


Allowable thermal rise 
ambient to junction 


The PLS153/A devices are also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the Signetics 
Military Data Handbook. 


180 
NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C s Tam S +75°C, 4.75V S$ Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | Typ? | MAX | UNIT 


Input voltage” 


Vit Voc = MIN V 
Vig Voc = MAX ) 
Output voltage? 
V 
V 
Input current® 
he Low 
Voc = MAX 
lovorF) Hi-Z state® | Vout = 5.5V 
pee BEER 
Short circuit? 5:6 Vout = OV 
ee a 


Voi Low* 
Vou High® 
—100 pA 
40 pA 
Output current 
Capacitance 
pF 
pF 


Cin Input 


NOTES: 

All typical values are at Voc = 5V, Tamb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with +10V applied to I. 

Measured with +10V applied to Io_7. Output sink current is supplied through a resistor to Voc. 
Duration of short circuit should not exceed 1 second. 

Icc is measured with lo, I, at OV, lo — 17 and Bo-g at 4.5V. 

Leakage values are a combination of input and output leakage. 

I, and 1), limits are for dedicated inputs only (Ip — I7). 


DOWBNOARWNH > 
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AC ELECTRICAL CHARACTERISTICS 
0°C < Tam $ +75°C, 4.75V < Vog $ 5.25V, Ry = 300, Ro = 3902 , 


LIMITS 


SYMBOL PARAMETER 


1. All typical values are at Voc = 5V, Tanmb = +25°C. 

2. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = SpF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S, open, and Low-to-High impedance tests are made to the Vr = (Vo; + 0.5V) level with S; closed. 

3. All propagation delays are measured and specified under worst case conditions. 3 ' 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


10% 
0 _— oe oe 


sree se 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. . NOTE 


C1 and Co are to bypass Vcc to GND. 


Input Pulses 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


tpp Propagation delay between 
input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 
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LOGIC PROGRAMMING OUTPUT POLARITY — (B) 
The PLS153/A is fully supported by industry 
standard (JEDEC compatible) PLD CAD 


tools, including Signetics SLICE and SNAP, S ) > u 
Data I/O’s ABEL™ and Logical Devices, Inc. Xx 
CUPL™ design software packages. 


All packages allow Boolean and state 
equation entry formats. SNAP ABEL and 


CUPL also accept, as input, schematic. | ACTIVELEVEL | CODE | 

seen [otto | 
: INVERTING 

PLS153/A logic designs can also be 


generated using the program table entry 
format detailed on the following page. This 
program table entry format is supported by 
the Signetics SLICE and SNAP PLD design 
software packages (PTP module). SLICE is 
available free of charge to qualified users. b 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (I, B) 


1B 
1,B 
LB 
P,D 


[stare [cone] 
[iwactves®? [0 


1,B 
1,B 
LB 
P,D 


[stare [cove] 
[~pontcare | - 


OR ARRAY - (B) VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 


1. All outputs are at “H” polarity. 
2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


CAUTION: PLS153A TEST 
COLUMNS 

The PLS153A incorporates two columns not 
shown in the logic block diagram. These 


oie naw columns are used for in-house testing of the 
1. This is the inital unprogrammed state of all links. 


: de mere ; device in the unprogrammed state. These 
2. ae ee the True and Complement ofan input (either columns must be disabled prior to using the 


PLS153A in your application. If you are using 
a Signetics-approved programmer, the 
disabling is accomplished during the device | 
programming sequence. If these columns are 
not disabled, abnormal operation is possible. 


[PastaTus [CODE 
[—wactive | * 


NOTES: 


Furthermore, because of these test columns, 
-the PLS153A cannot be programmed using 
the programmer algorithm for the PLS153. 
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CUSTOMER NAME_____ 
PURCHASE ORDER# 
SIGNETICS DEVICE #__CE(xxxx) 
CUSTOMER SYMBOLIZED PART#____ 
TOTAL NUMBER OF PARTS___—— 
PROGRAM TABLE #___ REV__DATE___ 


NOTES 

In the unprogrammed state: 

@ Ail AND gates are pulled to a logic “0” (Low). 

® Output polarity is non-inverting. 

© Unused | and B bits in the AND array should be programmed 
as Don't Care (~). 

® Unused product terms in the OR array should be 

programmed as INACTIVE (0). 


Z 


Jd1aVl WVWYDOud 


(OL XZpx Bt) 


sAeie 2160] ajqewwesbold 
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Programmable logic arrays 


(18 x 42 x 10) 


Product specification 


PLUS153B/D 


DESCRIPTION 

The PLUS153 PLDs are high speed, 
combinatorial Programmable Logic Arrays. 
The Signetics state-of-the-art Oxide Isolated 
Bipolar fabrication process is employed to 


produce propagation delays as short as 12ns. 


The 20-pin PLUS153 devices have a 
programmable AND array and a 
programmable OR array. Unlike PAL® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product terms 
can be connected to any or ail of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the PLUS 153 
devices can support up to 32 input wide OR 
functions. 


The polarity of each output is 
user-programmable as either active-High or 
active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of design flexibility, 
particularly when implementing complex 
decoding functions. 

The PLUS153 devices are _ 
user-programmable using one of several 
commercially available, industry standard 
PLD programmers. 


ORDERING INFORMATION 
DESCRIPTION 
20-Pin Plastic Dual-In-Line 300mil-wide 
20-Pin Plastic Dual-In-Line 300mil-wide 
20-Pin Plastic Leaded Chip Carrier 
20-Pin Plastic Leaded Chip Carrier 


WAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation. 


dctober 18, 1990 


FEATURES 

@ |/O propagation delays (worst case) 
— PLUS153B — 15ns max. 
~ PLUS153D — 12ns max. 


® Functional superset of 16L8 and most other 
20-pin combinatorial PAL devices 


© Two programmable arrays 
~ Supports 32 input wide OR functions 


® 8 inputs 
® 10 bi-directional I/O 


@ 42 AND gates 
— 32 logic product terms 
- 10 direction control terms 


® Programmable output polarity 
~ Active-High or Active-Low 


® Security fuse 

@ 3-State outputs 

® Power dissipation: 750mW (typ.) 
© TTL Compatible 


APPLICATIONS 
® Random logic 


® Code converters 

© Fault detectors 

® Function generators 
@ Address mapping 

®@ Multiplexing 2 


Twotwaxy [ORDER CODE 
Time | PLUTON 
[iene [PLUS 16500 
ee 
[tans [Pus tsa00 
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PIN CONFIGURATIONS 


N Package 


N = Piastic Dual in-Line Package (300mil-wide) 


A Package 


Bo GND B1 B2 83 


A = Plastic Leaded Chip Carrier 


853-1285 00751 


| Product specification 


Programmable logic arrays 


(18 x 42 x 10) 


Philips Semiconductors—Signetics Programmable Logic Devices 


-PLUS153B/D 


LOGIC DIAGRAM 


@— (CONTROL TER 


a 
Led 
a 
A shah ahaah ah {) of) 
Ral li Redd ddim ld oman 


a——_————_ (LOGIC TERMS-P) ———_————__§ 


Bebbebebebeebeds. 


eoe8B Ze 


©2024 Meeeee 016 i5ee8e 


NOTES: 


gate locations are pulled to logic “1°. 
gate locations are pulled to logic “0”. 


1. All programmed ‘AND' 
programmed ‘OR' 


2. All 


3. 3 Programmable connection. 
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Product specification 


Programmable logic arrays 
(18 x 42 x 10) 


~PLUS153B/D 


FUNCTIONAL DIAGRAM 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER UNIT 


Vin | : 


Operating free-air temperature range +75 °C 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 


October 18, 1990 205 


TEMPERATURE 


[otnoniaion ‘|_| 


Allowable thermal rise 75°C 
ambient to junction 


Philips Semiconductors—Signetics Programmable Logic Devices Product specificatio: 


Programmable logic arrays 
(18 x 42 x 10) 


PLUS153B/D 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb S$ +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP! | MAX | UNIT 


Input voltage” 
Vit Low Vcc = MIN V 
Vi sLsHigh Voc = MAX Vv 
Output voltage? 
Voc = MIN 
Vor Low4 | lo, = 15mA Vv 
Voy High® lou = -2mA V 
Input current? 
he Low —100 pA 
ly High 40 pA 


Output current 


= * ) Voc = MAX 
looFF) Hi-Z state® Vout = 2.7V 80 pA 
Vout = 0.45V —140 
Short circuit? 56 | Vout = OV mA 


Pes es eet a mA 


Capacitance 


NOTES: 

. All typical values are at Voc = 5V, Tan = +25°C. 

All voltage values are with respect to network ground terminal. 
Test one at a time. 

Measured with inputs |0 — I2 = OV, inputs I3 — 15 = 4.5V, inputs !7 = 4.5V and I6 = 10V. For outputs BO — B4 and for outputs B5 — B9 apply the 
same conditions except |7 = OV. 

Same conditions as Note 4 except 17 = +10V. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with inputs 10 — 17 and BO — BS = OV. 

Leakage values are a combination of input and output leakage. 
ly and I,, imits are for dedicated inputs only (!0 — 17). 


CANON PWN 
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Programmable logic arrays | | 
(18 x 42 x 10) PLUS153B/D 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tam $ +75°C, 4.75V < Vog < 5.25V, Ry = 3002, Ro = 3900 


CONDITION 


Typ | wax | MIN | Typ | MAX 
Output+ | Caso | | | is | [to | 2 | ons 
Outputs | csr | | | ws | | to | 2 | ons 
NOTES: ; 


1. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
Closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S; closed. 

2. All propagation delays are measured and specified under worst case conditions. 


TEST 


PLUS153B PLUS153D 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


10% 
v———— 


snab— ae ee 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. NOTE: 


Input Pulses C1 and Co are to bypass Voc to GND. 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


tpp Propagation delay between 
input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 
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Programmable logic arrays 


(18 x 42 x 10) PLUS153B/D 


LOGIC PROGRAMMING OUTPUT POLARITY - (B) 
The PLUS 153B/D is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 
and CUPL™ design software packages also 
support the PLUS153B/D architecture. 


s 
All packages allow Boolean and state 


equation entry formats. SNAP, ABEL and [ACTVELEVEL_[ CODE] [AGTIVELEVEL | CODE 
CUPL also accept, as input, schematic acul ! a | : 
capture format. (NON-INVERTING) (INVERTING) . 


PLUS153B/D logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP and SLICE only. The 
SLICE design package is available, free of 
charge, to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (I, B) 


[powtcare [| 


VIRGIN STATE : 
A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs are at “H” polarity. 


P 

2. All P, terms are disabled. 

3. All P, terms are active on all outputs. 
[Pastatus | Cove _| 


NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (either 
| or B) are left intact. 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices, Inc. 
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CUSTOMER NAME 


PPL rg ee? St Ja GR ey Ae Ne yen Wired oie as «tomes bitice py ete NOTES 


aa In the unprogrammed state: | PURCHASE ORDER # 
| INACTIVE | 0 | ' INACTIVE] ® | ® All AND gates are pulled to a logic “O" (Low). 
ne (at ea ee es ® Output polarity is non-inverting. SIGNETICS DEVICE #___CF(XXXxX) 
fia I, BCI) i: enna c ONTROL Bi aes © Unused | and 8 bits in the AND array should be programmed CUSTOMER SYMBOLIZED PART# 


as Don't Care (~). 
® Unused product terms in the OR array should be 
programmed as INACTIVE (o). 


| DON'T care | —| 


VARIABLE 
NAME 


TOTAL NUMBER OF PARTS. 
PROGRAM TABLE #___ REV__ DATE_____ 


re] vsferferfve [seer [ar [oso eee ee de fete 
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Product specification 


Programmable logic array 


(18 x 42 x 10) 


-PLUS153-10 


DESCRIPTION —its 

The PLUS153—10 PLD is a high speed, 
combinatorial Programmable Logic Array. 
The Signetics state-of-the-art Oxide Isolated 
Bipolar fabrication process is employed to 
produce maximum propagation delays of 
10ns or less. 


The 20-pin PLUS153 device has a 
programmable AND array anda 
programmable OR array. Unlike PAL® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product terms 
can be connected to any or all of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the 

PLUS 153-10 can support up to 32 input wide 
OR functions. 


The polarity of each output is user- 
programmable as either Active-High or 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of design flexibility, 
particularly when implementing complex 
decoding functions. 


The PLUS153—10 device is user- 
programmable using one of several 
commercially available, industry standard 
PLD programmers. 


ORDERING INFORMATION 


_ © 10 bi-directional I/O 


© TTL Compatible 


20-Pin Plastic Dual-In-Line 300mil-wide | 10ns_—| PLUS153—10N 
20-Pin Plastic Leaded Chip Carrier - Es dOne: 


FEATURES 
@ |/O propagation delays (worst case) 
— PLUS153—10 — 10ns max. 


PIN CONFIGURATIONS 


N Package 
® Functional superset of 16L8 and most other 
20-pin combinatorial PAL devices 


® Two programmable arrays 
— Supports 32 input wide OR functions 


© 8 inputs 


@ 42 AND gates 
— 32 logic product terms 
- 10 direction control terms 
® Programmable output polarity 
— Active-High or Active-Low 


; N = Plastic DIP (300mil-wide) 
® Security fuse 


® 3-State outputs 


A Package 


® Power dissipation: 825mW (typ.) 


APPLICATIONS 


®@ Random logic 

© Code converters 

® Fault detectors 

® Function generators 
@ Address mapping 


©@ Multiplexing A = Plastic Leaded Chip Carrier 


ORDER CODE 
PLUS153—-10A 


®PAL is a registered trademark of Advanced Micro Devices Corporation. 
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Product specification 


Programmable logic array 


(18 x 42 x 10) 


PLUS153-10 


LOGIC DIAGRAM 


@— (CONTROL TERMS) —8 


a (LOGIC TERMS-P) -—_—_—____-8 


ae sa Seen con 


24 2eeeeeet& iSeeeceee 8 7 


ee Oo 6 Ki os 5388 
<M EM MA GE Re ed SR UL aa sare x om Bt KO 
Ss Ge SPER OEE HR MEN AAR RL MS! A AG 2 


&3 8 82 8 & & B 


31 


NOTES: 


pulled to logic “1”. 


gate locations are pulled to logic “0”. 
connection. 


Programmabie 


1. AH programmed ‘AND’ gate locations are 
2. All prograrnmed ‘OR’ 
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Programmable logic array Oo 153- 
(18 x 42 x 10) PLUS153-10 


FUNCTIONAL DIAGRAM 


ABSOLUTE MAXIMUM RATINGS! — . THERMAL RATINGS 


TEMPERATURE | 
[Mesmonison [1 | 
= 


75°C 


Pf seems a 
Ti00 [ma 
Ds | < 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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Programmable logic array eee 
(18 x 42 x 10) PLUS153—10 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb S$ +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP' | MAX | UNIT 


Input voltage” 

Vit Low Voc = MIN V 
Vi High Voc = MAX V 
Output voltage 


Voc = MIN 
Voi Low4 lot = 15mA 
Von High® lou =—2mA 


Input current® 


Voc = MAX 
tie Low Vin = 0.45V 
Ne High Vin = Voc 


Voc = MAX 
Vout = 2.7V 
Vout = 0.45V 


lo(OFF) Hi-Z state® 


an 


Short circuit: 5. 6 Vout = OV 
All typical values are at Voc = 5V, Tarp = +25°C. 
Same conditions as Note 4 except I7 = +10V. 


a Vou supply current” Voo = MAX. Ps [ae aa 
All voltage values are with respect to network ground terminal. 
Duration of short circuit should not exceed 1 second. 


Capacitance 
oe pF 
pF 
Test one at a time. 
Measured with inputs 10 — [2 = OV, inputs 13 — I5 = 4.5V, inputs I7 = 4.5V and I6 = 10V. For outputs BO — B4 and for outputs B5 — B9 apply the 
Icc is measured with inputs [0 — 17 and BO — 89 = OV. 
Leakage values are a combination of input and output leakage. 


NOTES 
same conditions except !7 = OV. 
li, and |i, limits are for dedicated inputs only (10 — 17). 


COONAN 
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Programmable logic array 


(18 x 42 x 10) PLUS153-10 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tam S$ +75°C, 4.75V < Voc $ 5.25V, Ry = 3002, Ro = 3902 


, TEST LIMITS 
SYMBOL PARAMETER CONDITION | TYP | MAX | UNIT 


TO 
[wo | Propagation Daly? | _lputw | Ou a 
Oe 
Too [oapadisabie® | tpt [Opin | 
NOTES: 


1. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
Closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Vo — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vt = (Vo, + 0.5V) level with S; closed. 

2. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


10% 
ow——— 


sole tli 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, uniess otherwise specified. 


OUTPUTS 


NOTE: 
Input Pulses C1 and Co are to bypass Vcc to GND. 


TIMING DEFINITIONS 


SYMBOL | PARAMETER 


tpp Propagation delay between 
input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 
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Programmable logic array 


(18 x 42 x 10) 


PLUS153—10 


LOGIC PROGRAMMING 

The PLUS 153-10 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 
and CUPL™ design software packages also 
support the PLUS153~10 architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS 153-10 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP and SLICE only. The 
SLICE design package is available, free of 
charge, to qualified users. 


To implement the desired logic functions, the 


state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (I, B) 


1,8 
1,8 
LB 
P,D 


a 
[iwactves®? [| 0 | 


OR ARRAY - (B) 


OUTPUT POLARITY - (B) 


i el 


ACTIVELEVEL | CODE | 


LOW L 
(INVERTING) 


[ACTIVE LEVEL [CODE 


P,D 


ee 
[vont cane | - | 


VIRGIN STATE 


Pp 
$s 
[PaStatus | CODE] 


[—actvet [a | 


NOTES: 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


| Pp 
‘ 2. All P, terms are disabled. 
3. All P, terms are active on all outputs. 
[Pastatus | CODE 


1. This is the initial unprogrammed state of all links. 
2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (either 


| or B) are left intact. 


ABEL is a trademark of Data VO Com. 
CUPL is a trademark of Logical Devices, Inc. 
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CUSTOMER NAME_ 
PURCHASE ORDER #0 
SIGNETICS DEVICE # CCX XXX) 
CUSTOMER SYMBOLIZED PART.#_____ 
TOTAL NUMBER OF PARTS. 
PROGRAM TABLE #__. REV__ DATE____ 


Pe Rare SP a Spe ye eS, Me ete Ag oe ONG Sey te eps See NOTES 


! FACTIVE | A | a In the unprogrammed state: 
:—_Lanactive| ¢ | 
4 


@ All AND gates are pulled to a logic "0" (Low). 

® Output polarity is non-inverting. 

® Unused | and B bits in the AND array should be programmed 
as Don't Care (-). 

© Unused product terms in the OR array should. be 
programmed as INACTIVE (0). 


[bow cane] = 


co a 
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Programmable logic array 


(22 x 42 x 10) 


PLS173 


3 


DESCRIPTION 

The PLS173 is a two-level logic element 
consisting of 42 AND gates and 10 OR gates 
with fusible link connections for programming 
VO polarity and direction. 


All AND gates are linked to 12 inputs (1) and 
10 bidirectional I/O lines (B). These yield 
variable I/O gate configurations via 10 
direction control gates (D), ranging from 22 
inputs to 10 outputs. 


On-chip T/C buffers couple either True (I, B) 
or Complement (I, B) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. Their output polarity, in 
tum, is individually programmable through a 
set of EX-OR gates for implementing 
AND/OR or AND/NOR logic functions. 


The PLS173 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes for this device are listed below. 


ORDERING INFORMATION 


October 18, 1990 


DESCRIPTION 
24-Pin Plastic Dual-In-Line 300mil-wide PLS173N 
28-Pin Plastic Leaded Chip Carrier PLS173A 


FEATURES PIN CONFIGURATIONS 
@ |/O propagation delay: 30ns (max.) N Package 

® 12 inputs 

®@ 42 AND gates 


® 10 OR gates 
® 10 bidirectional I/O lines 
® Active-High or -Low outputs 


® 42 product terms: 
— 32 logic terms 
- 10 control terms 


© Ni-Cr programmable links 
® Input loading: -100HA (max.) 
® Power dissipation: 750mW (typ.) 


® 3-State outputs N = Plastic DIP (300mil-wide) 
@TTL compatible A Package 
11 0 Veco B9 BS 
APPLICATIONS 
® Random logic 


® Code converters 

© Fault detectors 

© Function generators 
© Address mapping 


© Multiplexing 
I9 110 GND 111 BO B1 B2 


A = Plastic Leaded Chip Carrier 


ORDER CODE 


219 853-0324 00752 


PLS173 


Product specification 


@— (CONTROL TERMS) —- 


a@H#____—__———-—_ (LOGIC TERMS-P) —____———__§J 


Programmable logic array 


(22 x 42 x 10) 


Philips Semiconductors—Signetics Programmable Logic Devices 


LOGIC DIAGRAM 


23] Bo 
|22| BS 
21] B7 
20] B6 
19] BS 
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Programmable connection. 


1. All programmed ‘AND’ gate locat 
2. All programmed ‘OR’ gate locations are pulled to | 


NOTES 


3. 


October 18, 1990 


Philips Semiconductors—Signetics Programmable Logic Devices Product specification 


Programmable logic array 


(22 x 42 x 10) PLS173 


FUNCTIONAL DIAGRAM | _- LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A-B.C-D.... 


TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY +L 
Z=PO4+ P14 P2e... 


Z=PO-PT.P2.... 


NOTES: 


1. For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2. ZX, A, B, C, etc. are user defined connections to 
fixed inputs (I), and bidirectional pins (B). 


THERMAL RATINGS 
TEMPERATURE 


Maximum junction 


1 
Maximum ambient 


Allowable thermal rise | 75°C 
ambient to junction 


The PLS173 is also processed to military 
requirements for operation over the military 
temperature range. For specifications and 
ordering information, consult the Signetics 
Military Data Handbook. 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Programmable logic array . 
(22 x 42 x 10) | oe 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb $ +75°C, 4.75 $ Voce < 5.25V 


LIMITS" 
SYMBOL PARAMETER TEST CONDITIONS 


Veermr res at 1 
Input voltage | 


Vit Voc = MIN 0.8 V 
Vie Voc = MAX V 
Vic | Voc = MIN, Iw =—12mA ; 12 V 
Output voltage 


Vo. -| Lows 
Vou High’ 


Input current? 


hie Low 
li High 


Output current 


lo(orF) Hi-Z state® 


All typical values are at Voc = 5V, Tarp = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with inputs Vi_ applied to I,;. Pins 1-5 = OV. Pins 6-10 = 4.5V, Pin 11 = OV and Pin 13 = 10V. : 
Same conditions as Note 4 except Pin 11 = +10V. 

Duration of short circuit should not exceed 1 second. 

loc is measured with Ip and |; = OV, and Ip — 141 and By — By = 4.5V. Part in Virgin State. 

Leakage values are a combination of input and output 

I. and Ij, limits are for dedicated inputs only (Ip — 143). 


OBNAAHL WN = 
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Programmable logic array 


(22 x 42 x 10) ee 


AC ELECTRICAL CHARACTERISTICS 
O°C < Tam S$ +75°C, 4.75 < Voc $ 5.25V, Ry = 4702, Ro = 1kQ 


TEST LIMITS - 
SYMBOL PARAMETER TO CONDITION | MIN | TYP | MAX | 


Propagation delay? Output + 
NOTES: 


1. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S; closed. 

2. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORM 


TEST LOAD CIRCUIT 


INPUTS 


10% 
ow——— 


soe 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 


of inputs and outputs, unless otherwise specitied. 


Input Pulses 


TIMING DEFINITIONS 


SYMBOL PARAMETER 


Propagation delay between 


input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 


October 18, 1990 


NOTE: 
Cy and Co are to bypass Vor to GND. 


TIMING DIAGRAM 
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Programmable logic array 


(22 x 42 x 10) pees 


LOGIC PROGRAMMING OUTPUT POLARITY — (B) 
The PLS173 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Signetics SNAP and SLICE, Ss ) >. 

Data I/O Corporation’s ABEL™, and Logical X 7 
Devices Incorporated’s CUPL™ design 

software packages. ae 


All packages allow Boolean and state 


equation entry formats. SNAP, ABEL and [ACTIVELEVEL | CODE | 
CUPL also accept, as input, schematic 
capture format. (INVERTING) 


PLS173 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Signetics 
SLICE and SNAP PLD design software (PTP 
module) packages. SLICE is available free of 
charge to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (I, B) 


P,D 


[state |_C00E 
[powrcare | — 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


Py, STATUS CODE 


[Pa stars | CODE] 
[acme a 


[inactwe [| 


NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 
(inactive) AND gates P,, D,. 

2. Any gate P,, D, will be unconditionally inhibited if both the True and Complement of any input 
(!, B) are left intact. 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices, Inc. 
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Sée 


NOTES CUSTOMER NAME 
. The PLA is shipped with all links intact. Thus a background 
of entries corresponding to states of virgin links exists in the 


PINACTIVE | 0 
rrr tbl. 
Ta L 4 (Shown BLANK for clarity.) 

. Unused | and B bits in the AND array must be programmed 
| DON'T CARE | —| | Don't Care (—). 


3. Unused product terms can be left blank. 


SIGNETICS DEVICE# 


PROGRAM TABLE #___ REV__ DATE_____ 


JIGVLNVYDOHd 


ALIV10d 


(OL X Sb X Za) 


Aewe o160) ajqewwesbog 


ELIS Id 
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Programmable logic arrays | 
(22 x 42 x 10) PLUS173B/D 


DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLUS173 PLDs are high speed, | 
combinatorial Programmable Logic Arrays. 

The Signetics state-of-the-art Oxide Isolated 


® |/O propagation delays (worst case) 
- PLUS173B — 15ns max. 


N Package 


Bipolar fabrication process is employed to ~ PLUS173D — 12ns max. 

produce propagation delays as shortas 12ns. —_ @ Functional superset of 20L10 and most 
The 24-pin PLUS173 devices have a other 24-pin combinatorial PAL devices 
programmable AND array and a 


® Two programmable arrays 


programmable OR array. Unlike PAL @ ~ Supports 32 input wide OR functions 


devices, 100% product term sharing is 
supported. Any of the 32 logic product terms @ 12 inputs 

can be connected to any or all of the 10 a ge 6 ot . 
output OR gates. Most PALICs are limitedto © 10 bi-directional /O 
7 AND terms per OR function; the PLUS173 @ 42 AND gates 


devices can support up to 32 input wide OR ~ 32 logic product terms 


functions. iia: 
- 10 direction control terms 
The polarity of each output is user- 
programmable as either Active-High or © Programmable output polarity 
Active-Low, thus allowing AND-OR or - Active-High or Active-Low N « Plastic Dual In-Line (300mn#-wide} 
AND-NOR logic implementation. This feature : 
adds an element of design flexibility, e vecunty luce 
particularly when implementing complex ® 3-State outputs 
decoding functions. A Package 


® Power dissipation: 750mW (typ.) 
® TTL Compatible 


2 11 1 Voc B9 BB 


The PLUS173 devices are user- 
programmable using one of several 
commercially available, industry standard 
PLD programmers. 


APPLICATIONS 
@ Random logic 


® Code converters 

© Fault detectors 

® Function generators 
® Address mapping 19 NOGNDI11 BO B1 B2 


® Multiplexing A = Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


@PAL is a registered trademark of Advanced Micro Devices Corporation. 
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Product specification 
~ PLUS173B/D 


@— (CONTROL TERMS) —™ 


a@#__—_———_- (LOGIC TERMS-P) —_—___——__-§ 


Programmable logic arrays 


(22 x 42 x 10) 
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LOGIC DIAGRAM 


225 88 88 8 & 8 
SLATS IE ILENE LEI 2 ILE 


ce OA et 
i ry. Pe Ei faa ee 2 He id D> 
Bs os ? ns ‘ : ib: 
oe 


016 1Seeeceee 


logic “1”. 


gate locations are pulled to logic "0". 


connection. 


Siecce ce 02 Ziee 


ba # a cy a’ a a5 cy at 


ane me | 
r of £& o» & 8 & &8 8 & B B 52 
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programmed 'AND' gate locations are pulled to 


228 


September 20, 1990 


Philips Semiconductors—Signetics Programmable Logic Devices Product specification 


Programmable logic arrays 


(22 x 42 x 10) PLUS173B/D 


FUNCTIONAL DIAGRAM 


ABSOLUTE MAXIMUM RATINGS!" THERMAL RATINGS | 


TEMPERATURE . 
SYMBOL PARAMETER 


7 


Allowable thermal rise 5°C 
ambient to junction 


Pin | mouteurens Sd | om 
“5 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not impled. 
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Programmable logic arrays 


(22 x 42 x 10) PLUS173B/D 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S$ +75°C, 4.75 < Voc $5.25V © 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TYPt | MAX | UNIT 


Input voltage 

Vit Low Voc = MIN Vv 
Vin High Voc = MAX Vv 
Output voltage 


Vor Low4 
Vou High® 


Input current? 


Voc = MAX 
Vout = 2.7V 
Vout = 0.45V 
Short circuit?: 5. 6 Vout = OV 


eS A NR I 


Capacitance 


Hi-Z state® 


All typical values are at Vcc = 5V, Tanb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with inputs 10 — 14 = OV, inputs [5 — 19 = 4.5V, 111 = 4.5V and 119 = 10V. For outputs BO — B4 and for outputs B5 — B9 apply the 
same conditions except 111 = OV. 

Same conditions as Note 4 except input 111 = +10V. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with inputs 10 —111 and BO — B9 = OV. Part in Virgin State. 

Leakage values are a combination of input and output leakage. 

li, and | limits are for dedicated inputs only (10 — 111). 


OBNOM PWN> 
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Programmable logic arrays 


(22 x 42 x 10) PLUS173B/D 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tam $ +75°C, 4.75 < Voc $ 5.25V, Ry = 3009, Re = 3902 | 


LIMITS 
SYMBOL PARAMETER PLUS173B PLUS173D ; UNIT 


~ TO 
cave [wax [ win [TP 
| top| Output Disable! Input +/— C, = 5pF 
NOTES: 
1. For 3-State outputs; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 


voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. - 
2. All propagation delays are measured and specified under worst case conditions. 


TEST 
CONDITION 


VOLTAGE WAVEFORM TEST LOAD CIRCUIT 


—t mei 


| 
MEASUREMENTS: => 
All circuit delays are measured at the +1.5V level NOTE: 


of inputs and outputs, unless otherwise specified. Cy and Cp are to b s Voc to GND. 


Input Pulses Test Load Circuit 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


tpp Propagation delay between 
input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 
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Programmable logic arrays 


(22 x 42 x 10) -PLUS173B/D 


LOGIC PROGRAMMING OUTPUT POLARITY — (B) 
The PLUS173 series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 
and CUPL™ design software packages also 


support the PLUS173 architecture. 

All packages allow Boolean and state | : 

equation entry formats. SNAP, ABEL and [ACTIVE LEVEL [| CODE | 
CUPL also accept, as input, schematic . . HIGH! | a 
capture forma alk 
PLUS 173 logic designs can also be 


generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP and SLICE only. The 
SLICE design package is available, free of 
charge, to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (I, B) 


iB. 
iB 
LB 
P,D 


[sare | cove] 


OR ARRAY - (8) VIRGIN STATE 


A factory shipped virgin device contains all 
P 
+ 


fusible links intact, such that: 

1. All outputs are at “H” polarity. 
[_PaSTaTUS | CODE | 
f acre’ A 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. — 


[Pastatus | Cove 
[—iwactive | * 


NOTES: 

1. This is the initial unprogrammed state of afl link pairs. It is normally associated with all unused 
(inactive) AND gates P,, Dp. 

2. Any gate Pp, Dy will be unconditionally inhibited if both the true and complement of any input 
(!, B) are left intact. 


ABEL is a trademark of Data I/O Com. 
CUPL is a trademark of Logical Devices, Inc. 
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Programmable logic arrays 


(22 x 42 x 10) 


PLUS173B/D 


POLARITY 
ee eel pe 


PROGRAM TABLE — 
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Programmable logic arrays oe Bio ahs 
(22 x 42 x 10) PLUS173B/D 


Product specificatic 


SNAP RESOURCE SUMMARY DESIGNATIONS | 
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Programmable logic array 


(22 x 42 x 10) 


Product specification 


PLUS173-10 


DESCRIPTION | - 

The PLUS173—10 PLD is a high speed, 
combinatorial Programmable Logic Array. 
The Signetics state-of-the-art Oxide Isolated 
Bipolar fabrication process is employed to 
produce maximum propagation delays of 
10ns or less. 


The 24-pin PLUS173—10 device has a 
programmable AND array anda 
programmable OR array. Unlike PAL® 
devices, 100% product term sharing is 


supported. Any of the 32 logic product terms __ 


can be connected to any or all of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the 


PLUS173—10 device can support up to 32 | 


input wide OR functions. 


The polarity of each output is user- 
programmable as either Active-High or 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of design flexibility, 
particularly when implementing complex 
decoding functions. 


The PLUS173—10 device is user- 
programmable using one of several 
commercially available, industry standard 
PLD programmers. | 


ORDERING INFORMATION 


24-Pin Plastic Dual In-Line 300mil-wide | 10ns._ | PLUS173-10N 
28-Pin Plastic Leaded Chip Carrier | 10ns 


FEATURES 
® |/O propagation delays 
— 10ns (worst case) 


© Functional superset of 20L10 and most 
other 24-pin combinatorial PAL devices 


© Two programmable arrays | 
— Supports 32 input wide OR functions 


® 12 inputs 


® 10 bi-directional I/O 


' @ 42 AND gates 


‘= 32 logic product terms 
— 10 direction control terms 


@ Programmable output polarity — 
- Active-High or Active-Low 


® Security fuse 

© 3-State outputs 

© Power dissipation: 850mW (typ.) 
® TTL Compatible 


APPLICATIONS 


_ ~ © Random logic 


© Code converters 

© Fault detectors 

® Function generators 
® Address mapping © 
® Multiplexing 


ORDER CODE 
PLUS173-10A 


@PAL is a registered trademark of Advanced Micro Devices Corporation. 


July 9, 1991 
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PIN CONFIGURATIONS 


N Package 


N = Plastic Dual In-Line (300mil-wide) 


A Package 


13 12 11 10 Veo BS BB 


9 HOGNDI11 BO B1 B2 


A = Plastic Leaded Chip Carrier 


853-1422 03213 
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Programmable logic array 


(22 x 42 x 10) 


PLUS173-—10 


LOGIC DIAGRAM 


a——_—_————— (LOGIC TERMS-P) ———__——-5 


W— (CONTROL TERMS) —® 


Rr we AgeEaReE 
= xs 3 3s: # 2 


r 8 » & 8&8 & 8 & B&B B B 


8 & & ogo & GS & B 
ULSILA ILS] LEILEILE ILE LE J LE. 
- 


e16 18eeceees 


g 
z 


NOTES: 


gate locations are pulled to logic °1°. 
gate locations are pulled to logic “0”. 


Programmable connection. 


1. All programmed ‘AND' 
2. All programmed 'OR' 


3. 
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Programmable logic array 


(22 x 42 x 10) PLUS173-—10 


FUNCTIONAL DIAGRAM 


a 
OO 

eur | Oupuvetace «ids | Woe 
Tw | pwounens———SC*dC 

Post | Ouputeurens 

[Tre | Opetng tee rtenperirerange | 0 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


E 


| aan ' RATING 
SYMBOL | PARAMETER | Max 
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(22 x 42 x 10) dae oa 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb S +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TyPt | MAX | UNIT 


Input voltage” | 

Vit Low Voc = MIN V 
Vin High Voc = MAX V 
Output voltage? 


Vo. Low4 | 
Vou Hi gh 


Input current® 


Voc = MAX 
Vout = 2.7V 
Vout = 0.45V 
Short circuit: 5.6 Vout = 0V mA 


a 


Capacitance 


NOTES: 

All typical values are at Voc = 5V, Tam = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 
Measured with inputs 10 — 14 = OV, inputs 15 — 19 = 4.5V, 111 = 4.5V and 110 = 10V. For outputs BO — B4 and for outputs B5 — B9 apply the 
same conditions except 111 = OV. 

Same conditions as Note 4 except input 111 = +10V. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with inputs 10 —111 and BO — B9 = OV. Part in Virgin State. 

Leakage values are a combination of input and output leakage. 

li, and Ii, limits are for dedicated inputs only (10 — 111). 


OONAOO Pan 
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Programmable logic array 


(22 x 42 x 10) PLUS173-—10 


AC ELECTRICAL CHARACTERISTICS 
0°C S$ Tam $ +75°C, 4.75 $ Voc $ 5.25V, Ry = 3002, Ro = 3909 


| TEST LIMITS | 
SYMBOL PARAMETER CONDITION | TYP | MAX | UNIT 


r0 cs 
ce oa 
— 


Output Disable’ Input +/— 

1. For 3-State outputs; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

2. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORM TEST LOAD CIRCUIT 


- 10% 
wv—-—— 
5ns os Selene 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


NOTE: 
C and Co are to bypass Vcc to GND. 


Input Pulses Test Load Circuit 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER ; 


tpp Propagation delay between 
input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 
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Programmable logic array 
(22 x 42 x 10) 


PLUS173-10 


LOGIC PROGRAMMING 

The PLUS173-10 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 
and CUPL™ design software packages also 
support the PLUS173—10 architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS173-—10 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP and SLICE only. The 
SLICE design package is available, free of 
charge, to qualified users. 


OUTPUT POLARITY -— (B) 


ACTIVE LEVEL 


HIGH! 
(NON4INVERTING) 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (I, B) 


a 


ACTIVELEVEL | CODE | 
LOW L 
(INVERTING) 


a 
[—inactve fe | 


ee ee 
NOTES: 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 
(inactive) AND gates P,, D,. 

2. Any gate Py, D, will be unconditionally inhibited if both the true and complement of any input 
(I, B) are left intact. 


ABEL is a trademark of Data VO Com. 
CUPL is a trademark of Logical Devices, Inc. 
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VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All Pp, terms are active on all outputs. 


Product specification 
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POLARITY 
Oh OA a a 


PLA PROGRAM TABLE 
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Programmable logic arrays 


(16 x 48 x 8) PLS100/PLS101 


DESCRIPTION FEATURES PIN CONFIGURATIONS 


The PLS100 (3-State) and PLS101 (Open 
Collector) are bipolar, fuse Programmable 
Logic Arrays (PLAs). Each device utilizes the 
standard AND/OR/Invert architecture to 
directly implement custom sum of product 
equations. 


Each device consists of 16 dedicated inputs 
and 8 dedicated outputs. Each output is 
capable of being actively controlled by any or 
all of the 48 product terms. The True, 
Complement, or Don't Care condition of each 
of the 16 inputs and be ANDed together to 
comprise one P-term. All 48 P-terms can be 
selectively ORed to each output. 


The PLS100 and PLS101 are fully TTL 
compatible, and chip enable control for 
expansion of input variables and output 
inhibit. They feature either Open Collector or 
3-State outputs for ease of expansion of 
product terms and application in 
bus-organized systems. 


Order codes are listed in the Ordering 
Information Table. 


ORDERING INFORMATION 


® Field-programmable (Ni-Cr link) 

® Input variables: 16 

© Output functions: 8 

© Product terms: 48 

@ |/O propagation delay: 50ns (max.) 
® Power dissipation: 600mW (typ.) 

®@ Input loading: —100yA (max.) 

® Chip Enable input 


© Output option: 
— PLS100: 3-State 
~ PLS101: Open-Collector — 


© Output disable function: 
— 3-State: Hi-Z 
— Open-Collector: High 


APPLICATIONS 

® CRT display systems 

® Code conversion | 

®@ Peripheral controllers - 

® Function generators 

® Look-up and decision tables 
® Microprogramming 

@ Address mapping 

® Character generators 

© Data security encoders 

© Fault detectors 

© Frequency synthesizers _ 
© 16-bit to 8-bit bus interface 


® Random logic replacement 


* Fuse Enable Pin: It is recommended that this pin 


be left apen or connected to ground during normal 
Operation. 


N = Ptastc DIP (600mil-wide) 


A Package 


A = Plastic Leaded Chip Carrier 


DESCRIPTION 3-STATE OPEN COLLECTOR 
28-Pin Plastic Dual In-Line 600mil-wide PLS100N PLS101N 
28-Pin Plastic Leaded Chip Carrier PLS100A PLS101A 
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Programmable logic arrays 


(16 x 48 x 8) 


PLS100/PLS101 


LOGIC DIAGRAM 
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Programmable logic arrays 


(16 x 48 x 8) 


FUNCTIONAL DIAGRAM 


NOTE: 


TYPICAL CONNECTION 


1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other conditions above 
those indicated in the operational and programming specification of the device is not 


implied. 


THERMAL RATINGS 


TEMPERATURE 


Allowable thermal rise 


ambient to junction 
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The PLS100 device is also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the Signetics 
Military Data Handbook. 
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Programmable logic arrays | 
(16 x 48 x 8) PLS100/PLS101 


DC ELECTRICAL CHARACTERISTICS 
0°C $ Tam S$ +75°C, 4.75V S$ Veco $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


ae 
Input voltage 


Vin High Voc = MAX V 
Vit Low Vcc = MIN V | 
Vic Clamp? Voc = MIN, lin =-12mA 0.8 V 
Output voltage 
| Voc = MIN E 
Vou High (PLS100)* lou = -2mA Vv 
VoL Lows lo. = 9.6mMA 0.35 V 
In High Vin = 5.5V <1 pA 
A ee ee 
Output current | 
Hi-Z state (PLS100) 
Vour = 0.45V 
Short circuit (PLS100) 3:6 TE = Low, Vout = OV | 
ee [seo [Yee 


Capacitance 


CE = High, Vog = MAX 


lo(oFF) 


CE = High, Vcc = 5.0V 
Vin = 2.0V 
Vout = 2.0V 


1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. All voltage values are with respect to network ground terminal. 
3. Test one pin at a time. 

. Measured with Vy applied to CE and a logic high stored. 

6 

7 


. Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor 
to Vcc. 


. Duration of short circuit should not exceed 1 second. 
. loc is measured with the Chip Enable input grounded, all other inputs at 4.5V and the outputs open. 
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Programmable logic arrays : 
(16 x 48 x 8) PLS100/PLS101 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tam < +750, 4.75 < Vcc < §.25V, Ry = 470Q, Ro = 1kQ 


po MITS 


Propagation delay? 


Teo [met «CdD OT 
ice | ehpenatie® «owe | Ornerave | | |» |» 


Disable time 
Fe ST 
NOTES: 


1. All typical values are at Voc = 5V. Tanb = +25°C. 

2. All propagation delays are measured and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S,; closed. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


INPUTS | 


aaa 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTE: 
Cy and Co are to bypass Vcc to GND. 


Input Pulses 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


Sl Delay between beginning of 


Chip Enable Low (with Input 
valid) and when Data Output 
becomes valid. 


Delay between when Chip 
Enable becomes High and 
Data Output is in off state 

(Hi-Z or High). 


Delay between beginning of 
valid Input (with Chip Enable 
Low) and when Data Output 
becomes valid. 


Read Cycle 
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(16 x 48 x 8) PLS100/PLS101 
LOGIC PROGRAMMING CUPL also accept, as input, schematic software (PTP module) packages. SLICE is — 
PLS100/PLS101 is fully supported by capture format. available free of charge to qualified users. 
industry standard (JEDEC compatible) PLD PLS100/PLS101 logic designs can also be To implement the desired logic functions, the 
CAD tools, including Signetics' SNAP and generated using the program table entry state of each logic variable from logic 


SLICE, Data /O Corporation's ABEL and format detailed on the following pages. This equations (I, B, O, P, etc.) is assigned a 
Logical Devices Inc.'s CUPL design software —_ program table entry format is supported by symbol. The sumbols for TRUE, 
packages. the Signetics' SNAP and SLICE PLD design COMPLEMENT, INACTIVE, PRESET, etc., 
All packages allow Boolean and state are defined below. — 

equation entry formats. SNAP, ABEL and 


OUTPUT POLARITY -— (F) 


ACTIVE LEVEL | CODE | 


LOW L 
' (INVERTING) 


“AND” ARRAY - (I) 


= 


Ee 
[—wactve™® | 0 | 


Ee 
[“powrecane | - 


“OR” ARRAY - (F) 


| 
+D— 

[—Fastarus [cove 

[_acrves [a _| 


[Pa status | 600e_| 
[inactive [| 


NOTES: 


1. This is the initial unprogrammed state of all links. It is normally associated with all unused 
(inactive) AND gates P,. 
2. Any gate P,, will be unconditionally inhibited if any one of its (I) link pairs is left intact. 


VIRGIN STATE 

The PLS100/101 virgin devices are factory 

shipped in an unprogrammed state, with all 

fuses intact, such that: 

1. All P, terms are disabled (inactive) in the 
AND aray. 

2. All P, terms are active in the OR array. 


3. All outputs are Actve-High. 
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PROGRAM TABLE ENTRIES 


INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL 


Prod. Term Prod. Term Not Active Active 
Present in Fp Present in Fp High Low 


CUSTOMER NAME 


PURCHASE ORDER # 


SIGNETICS DEVICE # CF (XXXX Don't Care 


CUSTOMER SYMBOLIZED PART#__—s—sSCSC -(dash)| = As __® (period) ee ae 


NOTES NOTES 
TOTAL NUMBER OF PARTS_______ Enter (—) for unused inputs 1. Entries independent of output polarity. 1. Polarity programmed once only. 


PROGRAM TABLE#__.____ of used P-terms. 2. Enter (A) for unused outputs of used P-terms. . 2. Enter (H) for all unused outputs. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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Device Data Sheets 


INDEX 

Series 20 
PLS155 Programmable Logic Sequencer (16 X 45 X 12); 14MHz ........ 253 
PLS157 Programmable Logic Sequencer (16 X 45 X 12); 14MHz ........ 265 
PLS159A Programmable Logic Sequencer (16 X 45 X 12); 18MHz ........ 277 
Series 24 
PLS167/A Programmable Logic Sequencers (14 X 48 X 6); 14, 20OMHz ..... 289 
PLS168/A Programmable Logic Sequencers (12 X 48 X 8); 14, 20OMHz ..... 301 
PLS179 Programmable Logic Sequencer (20 X 45 X 12); 18MHz ........ 313 
PLO42VA12 CMOS Programmable Multi-function PLD 

(42 X 105 X 12); 25MHzZ 0... ee eee eee eens 325 
PLC42VA 121 CMOS Programmable Multi-function PLD 

(42 x 105 x 12); 25MHZ 0... ee eee cc eee eee ee cues 345 
Series 28 
PLC415-16 CMOS Programmable Logic Sequencer 

(17X68 X 8); 16MHZ 00. eee eee eens 365 
PLS105/A Programmable Logic Sequencers (16 X 48 X 8); 14, 20OMHz ..... 384 
PLUS105-45 Programmable Logic Sequencer (16 X 48 X 8); 45MHz ......... 396 
PLUS105-55 Programmable Logic Sequencer (16 x 48 <8); 55MHz ......... 409 


PLUS405-37/-45 Programmable Logic Sequencers (16 X 64 x 8); 37, 45MHz 
PLUS405-55 Programmable Logic Sequencer (16 X 64 X 8); 5SMHz ......... 438 
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PLS155 


DESCRIPTION 

The PLS155 is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a “fold-back” inverting buffer and 
control gate Fc. It features 4 registered I/O 
outputs (F) in conjunction with 8 bidirectional 
I/O lines (B). These yield variable I/O gate 
and register configurations via control gates 
(D, L) ranging from 16 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 4 inputs (1), 
bidirectional I/O lines (B), internal flip-flop 
outputs (Q), and Complement Array output 
(C). The Complement Array consists of a 
NOR gate optionally linked to all AND gates 
for generating and propagating 
complementary AND terms. 


On-chip T/C buffers couple either True (I, B, 
Q) or Complement (I, B, Q, CT) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates can drive bidirectional I/O lines 
(B), whose output polarity is individually 
programmable through a set of Ex-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the AND gates can 
drive the J-K inputs of all flip-flops. The - 
Asynchronous Preset and Reset lines (P, R), 
are driven from the OR matrix. 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (Q) and 
programmable output select lines (E). 


The PLS155 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are listed below. 


ORDERING INFORMATION 
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DESCRIPTION ORDER CODE 
20-Pin Plastic Dual In-Line Package (300mil-wide) 
20-Pin Plastic Leaded Chip Carrier PLS155A 


FEATURES 
© fuax = 14MHz 
— 18.2MHz clock rate 


@ Field-Programmable (Ni-Cr link) 
© 4 dedicated inputs 

© 13 control gates 

® 32 AND gates 

@ 21 OR gates 


© 45 product terms: 
— 32 logic terms 
- 13 control terms 


® 8 bidirectional I/O lines 

® 4 bidirectional registers 

@ J-K, T, or D-type flip-flops 

® Asynchronous Preset/Reset 
© Complement Array 

® Active-High or -Low outputs 
®@ Programmabie OE control 

© Positive edge-triggered clock 
© Input loading: —100,LA (max.) 
© Power dissipaton: 750mW (typ.) 
© TTL compatible 

® 3-State outputs 


APPLICATIONS 

© Random sequential logic 

® Synchronous up/down counters 
© Shift registers 

© Bidirectional data buffers 

@ Timing function generators 

®@ System controflers/synchronizers 
® Priority encoder/registers 


253 


PIN CONFIGURATIONS 


N Package 


N = Plastic Dual In-Line Package (300mil-wide) 


A Package 


B3 GND DE Bg BS 


A = Plastic Leaded Chip Carrier 
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(16 x 45 x 12) 
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LOGIC DIAGRAM 
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Programmable logic sequencer | | 
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FUNCTIONAL DIAGRAM 


(LOGIC TERMS) (CONTROL TERMS) 
L L 


ee 
ZN 


Eat 
So 


NOTES: 

1. Positive Logic: 
J-K = Tp + 1+ To od evccnrevcqoccces T31 
Te a (Io - 1y- Io...) - (Qo - Qy ...)- 


Bo - wks 
} denotes transition from Low to High level. 
X = Don't care 
* = Forced at F, pin for loading the J-K 
flip-flop in the Input mode. The load 
control term, L, must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 
5. AtP =R=H, Q=H. The final state of Q 

depends on which is released first. 

6. ** = Forced at F, pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 


PON 
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LOGIC FUNCTION VIRGIN STATE 

The factory shipped virgin device contains all 
fusible links intact, such that: 

SSS 1. OE is always enabled. 


ana a Ee (sa) Sa te . Preset and Reset are always disabled. 


2 
STATE REGISTER A-B-C-... 3. All transition terms are disabled. 
4. All flip-flops are in D-mode unless 
pofofola En) etal otherwise programmed to J-K only or J-K 
or D (controfled). 
5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


SET Qo: Jp = (Q3 ° Gp* Qy°M) ABC... 


Kg =0 
RESET Q;: J, =0 
Ky =(Q3° Ga° Q,°G)°A-B-C... 
BOLE ec THERMAL RATINGS 
TOGGLE Q3: J3 = (Q3 °° Gp - Qy° Up) -A-B- 
Ky = (Qg" Gp - Qy - Gg) -A-B- 


TEMPERATURE 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL 
Voc 


[vec | Supphyvologe 


NOTES: . J 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tam $ +75°C, 4.75V < Voc $ 5.25V 


LIMITS 
SYMBOL | PARAMETER TEST CONDITION 


Mary oe Tat tine | 
Input voltage 


Vin 7 Voc = MAX | ov 
Vin > Voc = MIN , V 
Vic Voc = MIN, ly =—12mA Vv 
~ Output voltage? | 


st 
| Voc = MAX | 
es Vin = 5.5V <1 80 pA 
Vin = 0.45V -10 | -100 yA 


— current 
Voc = MAX 
loorr) Hi-Z state5: 6 Vout = 5.5V 
| Vour = 0.45V | 
los Short circuit? 3 Vout =OV- 


a 


Capacitance 

Cin Input pF 

Cout Output pF 
NOTES: 


1. All typical values are at Voc = 5V, Tanb = +25°C. - 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. loc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
5. Leakage values are a combination of input and output leakage. 

6. Measured with Vi, applied to OE. 

7. Duration of short circuit should not exceed 1 second. 
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(16 x 45 x 12) PLS155 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tamb $ +75°C, 4.75V $ Voc < 5.25V, Ry =4702, Ro = 1kQ 


LIMITS 
SYMBOL PARAMETER TO TEST CONDITION 


re ay 6 = Sor 


Input (through F,) 


Output enable? 
tone | Output isatie’ 8) Ox = oF 


NOTES: 

1. All typical values are at Voc = 5V, Tanb = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. . 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S,; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times. are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S; closed. . 

4. When using the Complement Array tcxp = 95ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

6. For test circuits, waveforms and timing diagrams see the following pages. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


MEASUREMENTS: 
Ail arcuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


NOTE: 


Input Pulses Cz and Co are to bypass Vcc to GND. 
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TIMING DIAGRAMS TIMING DEFINITIONS. 


1 


ca Required delay between 
ts 


1,8 
(INPUTS) 


beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 

positive transition of clock. 


Required delay between 
positive transition of clock and 
end of valid input data. 


Required delay between 
positive transition of clock and 
end of valid input data forced 

at flip-flop output pins. 


F 
(OUTPUTS) 


bso 
tet 
tee 


Flip-Flop Outputs Delay between positive 
transition of clock and when 
outputs become valid (with 


OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Propagation delay between 
combinational inputs and 
outputs. 


1B 
(INPUTS) 


B 
(OUTPUTS) Delay between predefined 


Output Enable High, and 
when combinational outputs 
become valid. 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 

the OFF-State. 


Gate Outputs 
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TIMING DIAGRAMS (Continued) 


*PRESET RESET 
(, B INPUTS) 


. (RESET) \— 


——g—g — en fo) 
F rsy (RESET) sv 
(OUTPUTS) (PRESET) 


VOL 
* The leading edge of preset/reset must occur only when the input clock is “low”, and must remain "high" as long as 
required to override clock. The falling edge of preset/reset can never go “low” when the input clock is “high”. 


Asynchronous Preset/Reset 


1,B 
(LOAD SELECT) 


WKN _—- 


Flip-Flop Input Mode 
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(16 x 45 x 12) PLS155 


LOGIC PROGRAMMING = CUPL also accept, as input, schematic packages (PTP module). SLICE is available 
The PLS155 is fully supported by industry capture format. free of charge to qualified users. 
standard (JEDEC compatible) PLD CAD PLS155 logic designs can also be generated _—_To implement the desired logic functions, the 


tools, including Singetics’ SNAP and SLICE, —_ using the program table entry format detailed _ state of each logic variable from logic 
Data V/O Corporation's ABEL™, and Logical on the following pages. This program table equations (1, B, O, P, etc.) is assigned a 


Devices Inc.’s CUPL™ design software entry format is supported by the Signetics symbol. The symbols for TRUE, 
packages. SNAP and SLICE PLD design software COMPLEMENT, INACTIVE, PRESET, etc., 
All packages allow Boolean and state are defined below. 


equation entry formats. SNAP, ABEL and 


“AND” ARRAY - (1), (B), (Qp) 


Fo LPR, Dy (T, Fc, L P, R, D)y Fo, LPR, Dp 


[stare | 008 [sre coe] | [ame cove | 
Fon ee ee 


(Th; Fe) ; (Tr Fo) (Tn: Fo) 


Ks 
[imacmvers5 [0 


Notes on following page. 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices, Inc. 
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“OR” ARRAY — (Q,, = D-Type) 


moe 
M= ENABLED ¥ 7 
Be. 


Tn STATUS | CODE 
INACTIVE (Reset) Fae 


“OR” ARRAY — (S or B), (P), (R) 


Tn 


P,R,S 
(OR B) 


Tn STATUS 
INACTIVE 


En 


[sass | — 
NOTES: 


This is the initial unprogrammed state of all ink paars. It is normally associated with all unused (inactive) AND gates. 
. Any gate (T, Fe, L, P, R, D), will be unconditonally inhibited if both of the |, B, or Q links are left intact. 

To prevent oscillations, this state ts not alowed for C link pairs coupled to active gates T,,, Fe. 

. E, = Oand E, = @ are logically equivalent states, since both cause F,, outputs to be unconditionally enabled. 

These states are not allowed for control gates (L, P, R, D),, due to their lack of “OR” array links. 


Oe Wh — 
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Program unused Q, B, P, and R bits in the OR array as (—) 


or (A), as applicable. 


ground of entries corresponding to states of virgin links 
3. Unused Terms can be left blank. 


exists in the table, shown BLANK for clarity. 
2. Program unused C, |, B, and Q bits in the AND array as (-). 


1. The device is shipped with all links intact. Thus a back- 
4. Q(P) and Q (N) are respectively the present and next states 


JK 
JKorD | A 
(controled) 


ao din 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


(LOGIC TERMS) (CONTROL TERMS) 
| L 
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DESCRIPTION 

The PLS157 is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a “fold-back” inverting buffer and 
control gate Fc. It features 6 registered I/O 
outputs (F) in conjunction with 6 bidirectional 
I/O lines (B). These yield variable I/O gate 
and register configurations via control gates 
(D, L) ranging from 16 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 4 inputs (I), 
bidirectional I/O lines (B), internal flip-flop 
outputs (Q), and Complement Array output 
(C). The Complement Array consists of a 
NOR gate optionally linked to all AND gates 
for generating and propagating 
complementary AND terms. 


On-chip T/C buffers couple either True (I, B, 
Q) or Complement (I, B, ©, ©) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates drives bidirectional I/O lines 
(B), whose output polarity is individually 
programmable through a set of Ex-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the 32 AND gates 
can drive the J-K inputs of all flip-flops. The 
Asynchronous Preset and Reset lines (P, R), 
are driven from the AND array for 4 of the 8 
registers. The Preset and Reset lines (P, R) 
controlling the lower four registers are driven 
from the OR matrix. 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (Q) and 
programmable output select lines (E). 


The PLS 157 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are listed below. 


ORDERING INFORMATION 
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DESCRIPTION ORDER CODE 
20-Pin Plastic Dual In-Line Package (300mil-wide) 
20-Pin Plastic Leaded Chip Carrier PLS157A 


FEATURES 
® fuax = 14MHz 
— 18.2MHz clock rate 


® Field-Programmable (Ni-Cr link) 
© 4 dedicated inputs 

® 13 control gates 

®@ 32 AND gates 

@ 21 OR gates 


© 45 product terms: 
— 32 logic terms 
- 13 control terms 


® 6 bidirectional I/O lines 

® 6 bidirectional registers 

@ J-K, T, or D-type flip-flops 

® 3-State outputs 

® Asynchronous Preset/Reset 
® Complement Array 

® Active-High or -Low outputs - 
® Programmable OE control 

© Positive edge-triggered clock 
®@ input loading: -100LL1A (max.) 
© Power dissipation: 750mW (typ.) 
® TTL compatible 


APPLICATIONS 

® Random sequential logic 

® Synchronous up’down counters 
© Shift registers 

® Bidirectional data buffers 

® Timing functon generators 

© System controfiers 'synchronizers 


© Priority encoder ‘registers 
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PIN CONFIGURATIONS 


N Package 


N = Plastic Dual In-Line Package (300mil-wide) 


A Package 


11 1 CLKV¢c BS 


19 


B3 GND DE B4 FO 
A = Plastic Leaded Chip Carrier 
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LOGIC DIAGRAM 


a@——_—__———_- (LOGIC TERMS-T) ——_—————__-‘83) 8} ——_____—_——___ (CONTROL TERMS) —_—_~______§ 
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FUNCTIONAL DIAGRAM 


(LOGIC TERMS) (CONTROL TERMS) 
L L 


VIRGIN STATE . | ' 3. All transition terms are disabled. LOGIC FUNCTION 
The factory shipped virgin device contains all 4. All flip-flops are in D-mode unless 


fusible links intact, such that: otherwise programmed to J-K only or J-K a aaa 


1. DE is always enabled. or D (controlled). Fafol{s|o| (sa PRESENT STATE 
2. Preset and Reset are always disabled. 5. All B pins are inputs and all F pins are STATE REGISTER KB C:... 


outputs unless otherwise programmed. 


[eTo Te] +] Gye3) nexrste 


SET Qo: Jp = (Q3.° Gp: Q,°U9)° ABC... 
Kp = 0 : 


RESET Q1: J =0 
Ky = (Q3° Go ° Qy *Qp) :A-B-C... 
HOLD Qo: Jo =0 
Kg=0 
TOGGLE Q3: J3 = (Q3 - Ty * Qy° Mp) A'S: 
K3 = (Qg° G2 * Gy ° Up) A-B- 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 


May 11, 1988 267 


Philips Semiconductors—Signetics Programmable Logic Devices . Product specification 


Programmable logic sequencer 


PLS157 
(16 x 45 x 12) - 
FLIP-FLOP TRUTH TABLE 
L cK P R J K|Q | 
X X H L X X H 
X X L H X xX L 
L T L L L L Q 
L T L L L H L 
L T L L oH L H 
L T L L H H Q 
H Tt L L L H L 
H Tf L L H L H 
X T X X  L H E 
4 T X X H L H 
NOTES | 
1. Positive Logic: J-K = Tp + Ty + To ....... ee ceeeeeees 
Th =C- (Io-ty- lo...) -(Qo- Qy ...)- (Bo- By - --.) 
2. T denotes transition from Low to High level. 
3. X= Don't care 
4. * = Forced at F, pin for loading the J-K flip-flop in the Input mode. The load control term, L,, 
must be enabled (HIGH) and the p-terms that are connected to the associated flip-flop must 
be forced LOW (disabled) during Preload. 
5. AtP =R=H, Q=H. The final state of Q depends on which is released first. 
6. ** = Forced at F, pin to load J-K flip-flop independent of program code (Diagnostic mode), 
3-State B outputs. 
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


| TEMPERATURE 


Allowable thermal rise 75°C. 
ambient to junction 


SYMBOL PARAMETER 


se 

[vec | Sophie 

a 

our | Oupavetase it ide 
= 
-_ 
a ae 


in| Input currents 
Output currents 


1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tam $ +75°C, 4.75V < Voc $ 5.25V 


SYMBOL PARAMETER TEST CONDITION 


Input voltage 


Vin High Voc = MAX 
Vit Low Vec = MIN - 
Vic Clamp Voc = MIN, lin =—-12mA 


Output voltage 


Voc = MIN 
Vou High lon = -2mA 
Vor Low | lo = 10mA 


li High Vin = 5.5V 
he Low Vin = 0.45V 
Output current 

Vcc = MAX 
lo(orF) | Hi-Z state’ 6 | Vout = 5.5V 


Vout = 0.45V 


~ Short circuit? 7 Vout = OV 


Pe [eset Yes 


Capacitance 


Cin Input 


Court Output 
NOTES: 
. All typical values are at Voc = 5V, Tab = +25°C. 
All voltage values are with respect to network ground terminal. 
Test one ata time. 
Icc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
Leakage values are a combination of input and output leakage. 
Measured with Vi applied to OE. 
Duration of short circuit should not exceed 1 second. 


NOM ROM= 
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AC ELECTRICAL CHARACTERISTICS 
O°C < Tam $ +75°C, 4.75V < Vog $ 5.25V, Ry =470Q, Ro = 1kQ 


SYMBOL PARAMETER rare TEST CONDITION 


[min | typ! | MAX | UNIT 
Pulse width 


Meo: | Goth —Ss~—~‘idtC=Ci dC dC dl 
Mea | Glocktow —S~d Cw cus |  conr | a 
ms | PreserReseruce | um | as» | c-soer | «0 


E20 
| 50 | 
| 30 | 
pinpot me | cK+ |= 800F ee ce 
| tse | Input (through Fx) |e | CK + |= 80 FAO | ose 
oe 
aoe 


NOTES: 

1. All typical values are at Voc = 5V, Tarp = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

3. For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable trnes are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S, closed. 

4. When using the Complement Array tcxp = 95ns (man). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

6. For test circuits, waveforms and timing diagrams see the following pages. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


NOTE: 


Input Pulses C; and Co are to bypass Vcc to GND. 
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TIMING DIAGRAMS TIMING DEFINITIONS 


Required delay between 
beginning of valid input and 
positive transition of clock. 


18 
(INPUTS) 


Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 

positive transition of clock. 


F 
(OUTPUTS) Required delay between 


positive transition of clock and 
end of valid input data. 


Required delay between 
positive transition of clock and 
end of valid input data forced 

at flip-flop output pins. 


Flip-Flop Outputs Delay between positive 
transition of clock and when 
outputs become valid (with 


OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 


1,B 
(INPUTS) OFF-State. 


Propagation delay between 
combinational inputs and 
outputs. 


Delay between predefined 
Output Enable High, and 

when combinational outputs 
become valid. 


B 
(OUTPUTS) 


(OUTPUT Delay between predefined 

ENABLE) Output Enable Low and when 
combinational outputs are in 
the OFF-State. 


Gate Outputs zm 
Delay between positive 
transition of predefined 
Preset/Reset input, and 

when flip-flop outputs become 
valid. 
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TIMING DIAGRAMS (Continued) 


i,B 
(INPUTS) 


“PRESET RESET 
(i, B INPUTS) 


(RESET) = 


= Vou 
sv 


F 
(OUTPUTS) 
VOL 


*The leading edge of preset/reset must occur only when the input clock is ‘low’, and must remain ‘high" as long as 
required to override clock. The falling edge of preset/reset can never go “low” when the input clock is “high”. 


Asynchronous Preset/Reset 


iB - 
(LOAD SELECT) 


Vv 
Ce 
ov 
+3V 
CE 
ov 


~ 
L \ 


F 
or ca 
too1 sa 4H2 


CLK 


LOUIE 


Flip-Flop Input Mode 
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LOGIC PROGRAMMING 

The PLS157 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Signetics' SNAP and SLICE, 
Data I/O Corporation's ABEL™ and Logical 
Devices Inc.'s CUPL™ design software 
packages. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 


“AND” ARRAY - (1), (B), (Qp) 


“COMPLEMENT” ARRAY -— (C) 


(Th: Fo) 


J-K ORD 
(CONTROLLED) 


Notes on following page. 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logica! Devices, Inc. 


May 11, 1988 


CUPL also accept, as input, schematic 
capture format. 


PLS157 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Signetics 
SNAP and SLICE PLD design software 


(Fe UPR Dip 


[sare | one | 
Ps 


(Tr: Fe) 
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L DON'T CARE 


packages (PTP module). SLICE is available 
free of charge to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (i, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


(T, Fo, L PR, Dy 


[sare | e008 | 
con 


(Tn, Fc) 


» TRANSPARENT 
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“OR” ARRAY - (Q,, = D-Type) 


— 
M= ENABLED \ 7 
>-4 


Ty STATUS 
INACTIVE (Reset) 


M = DISABLED 


“OR” ARRAY - (S or B), (P), (R) 


Ti T 
P,R,S P,R,S 
(OR B) (OR B) 
rasta [sears 00 


CONTROL re DISABLE 


This is the inital unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,, Fe. 

E, = Oand E, = e are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


n 
n 


En 


Own 
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PROGRAM TABLE 


(-). Program unused Q, B, P, and R bits in the OR array 


as (-) or (A), as applicable. 


ground of entries corresponding to states of virgin links 
3. Unused Terms can be left blank. 


exists in the table, shown BLANK for clarity. 
2. Program unused C, |, B, and Q bits in the AND array as 


states of flip-flops Q. 


Saket eee eS Ree ARR ERR EERE L | 
Ree eee eee PE eee Ree Sees 


~ 


tie tas eae eRe aE RR eRe RRR EL 


1. The device is shipped with all links intact. Thus a back- 
4. Q(P) and Q (N) are respectively the present and next 


NOTES 


SLNAWNOO ALVd Aad # J1EVL WVY9DOUd 
SLYVd 4O YASEWNN TWLOL 
# JODIAAG SOILANDIS 


Q3AI904Y ALVG 


# LHYVd GAZIIOGWAS YAWOLSND 


XXXX) 3D # YUS30HO 3SVHOUNd 


GENERATE 
PROPAGATE 
TRANSPARENT 


INACTIVE 


SOILANDIS AG GALATMWOO 3d OL NOILYOd SIHL AWVN YSWOLSNO 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


(LOGIC TERMS) (CONTROL TERMS) 
PR oL L 
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DESCRIPTION 

The PLS159A is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a “fold-back’” inverting buffer and 
control gate Fc. It features 8 registered I/O 
outputs (F) in conjunction with 4 bidirectional 
I/O lines (B). These yield variable I/O gate 
and register configurations via control gates 
(D, L) ranging from 16 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 4 inputs (I), 
bidirectional I/O lines (B), internal flip-flop 
outputs (Q), and Complement Array output. 
(C). The Complement Array consists of a 
NOR gate optionally linked to all AND gates 
for generating and propagating 
complementary AND terms. 


On-chip T/C buffers couple either True (I, B, 
Q) or Complement (I, B, ©, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates can drive bidirectional I/O lines 
(B), whose output polarity is individually 
programmable through a set of Ex-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the 32 AND gates 
can drive the J-K inputs of all flip-flops. There 
are 4 AND gates for the Asynchronous 
Preset/Reset functions. 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (Q) and 
programmable output select lines (E). 

The PLS159A is field-programmable, 
enabling the user to quickly generate custom 


patterns using standard programming 
equipment. 


ORDERING INFORMATION 


May 11, 1988 


| DESCRIPTION ORDER CODE | 
20-Pin Plastic Dual In-Line Package (300mil-wide) PLS159AN 
20-Pin Plastic Leaded Chip Carrier PLS159AA 


FEATURES 
® High-speed version of PLS159 


© fuax = 18MHz 
— 25MHz clock rate 


@ Field-Programmable (Ni-Cr link) 
© 4 dedicated inputs | 

® 13 control gates 

® 32 AND gates 

®@ 21 OR gates 


® 45 product terms: 
- 32 logic terms 
- 13 control terms 


® 4 bidirectional I/O lines 
® 8 bidirectional registers 
@ J-K, T, or D-type flip-flops 


® Power-on reset feature on all flip-flops 
(F, = 1) 


® Asynchronous Preset/Reset 

®@ Complement Array 

® Active-High or -Low outputs 

® Programmable OE control 

® Positive edge-triggered clock 

@ |nput loading: —-100L1A (max.) 

© Power dissipation: 750mW (typ.) 
® TTL compatible 

© 3-State outputs 


APPLICATIONS 


® Random sequential logic 

®@ Synchronous up/down counters 
® Shift registers 

® Bidirectional data buffers 

® Timing function generators 

© System controllers/synchronizers 


® Priority encoder/registers 


277 


PIN CONFIGURATIONS 


N Package 


N = Plastic Dual In-Line Package (300mil-wide) 


A Package 


B3 GND OE FO F1 


A = Ptastic Leaded Chip Carrier 
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LOGIC DIAGRAM 


|9 | B3 
|8 | B2 
17 | 81 
|6 | BO 
19] F7 
118) F6 
117] FS 
116] Fé 
15] F3 
14] F2 
13) FA 
12] FO 


6 4 
eS EES OE SE OE TE) a ee 

ne eee 

ES Een 0 Ge i) ee Get Ee ee 

ES SE Ee CS ee Se 

GE, Se ee GE Ge 

2 ee 

; 

| | Y 1 


= Sail 


es [peepee pe 
aa ] eee 


7 oe 
5 


St) ee | eer 
i A a hg Y Oa at ayya au 


~| 
c:)] DO 
2 Db 


ieee ee eee ese eee 
PEP EP a 


POPP TT EE Pb ob bd 
pg | 


beth h det te te tt Pe EL EP gd 


Serer rrr rr 


a—————-_ (LOGIC TERMS-T) ——_—_—_———_-55 8R_____——————_—_ (CONTROL TERMS) —-——___—____83 


EEE i a we 
Little ca#e® rk ee Ba 8B , Vg 8 5 B 


eecooen 8 Jeseoscce Q Fo 


016 156 


Steeevee 024 230 0 eee 


wn link float to logic *1". 


Programmable connection. 


1. All OR gate inputs with a blown fink float to logic “0”. 
2. All other gates and contro! inputs with a blo 
3. ® denotes WIRE-OR. 


NOTES: 


4. 
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FUNCTIONAL DIAGRAM 


(LOGIC TERMS) (CONTROL TERMS) 
Pg Rg Pa Ra 


ran 


LOGIC FUNCTION NOTES: 
1. ee eke = r 
“B= TQ HF 14 + 1D cc. cece eee e ecu ee 31. 

Oe. 22 St 2S Th = C- (IO- 11-12...) - (Qp- Qy ...)- 
Fa}ofa[o (sn ) PRESENT STATE BO-Bi-...) 

2. | denotes transition from Low to High level. 
STATE REGISTER BeBc:... 3. X=Don'tcare 

4. * = Forced at F, pin for loading the J-K 


flip-flop in the Input mode. The load 
control term, L, must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

5. AtP =R=H, Q=H. The final state of Q 
depends on which is released first. 

6. ** = Forced at F, pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 


eT ToT] Ga) xorsare 


SET Qo: Ug = (Q3 - GQ* Q,°Up) ° ABC... 
Ko =0 


RESET Q4: J; =0 
Ky =(Q3g° Gq: Q;°Q)°A°B'C... 
HOLD Qo: Jo = 0 
Ko =0 
TOGGLE Qg: Jg = (Q3°G_°Q,°Gg)°A'B-C... 
K3 = (Q3° Ga > Q;,°G9) A: B-C... 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 
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VIRGIN STATE , CAUTION: PLS159A THERMAL RATINGS ee oe 
The factory shipped virgin device contains al PROGRAMMING ALGORITHM 


fusible links intact, such that: 
‘1, OE is always enabled. 


2. Preset and Reset are always disabled. 
3. All transition terms are disabled. 
4 


. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 
or D (controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. | 


ABSOLUTE MAXIMUM RATINGS! 


NOTES: 


The programming voltage required to 
program the PLS159A is higher (17.5V) than 


that required to program the. PLS159 (14.5V). 


Consequently, the PLS159 programming 
algorithm will not program the PLS159A. 
Please exercise caution when accessing 
programmer device codes to insure that the: 
correct algorithm is used. 


SYMBOL PARAMETER - MIN 


[vec | Supyweines ——SSCSC~—~“S~“~SsS~S~S 

[in | wpurvotage SSCSCSCSC~—C—C“S*‘“s~‘“CSCSSS 

a 
ouputawrens SSS 


Operating temperature range 
Storage temperature range 65 


150°C 
Maximumambient- 


Allowable thermal rise 75°C 
ambient to junction 


Maximum junction 


_ RATINGS 


Pat a 
a oe 
ra 


+7 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at ° 
these or any other condition above those indicated in the operational and programming specification of the.device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tam S$ +75°C, 4.75V < Voc $ 5.25V 


SYMBOL PARAMETER TEST CONDITION | MIN | TyPt | MAX | UNIT 


Input voltage 

Vin | Voc = MAX f ov 
Vit Voo = MIN V 
Vic | Voc = MIN, ly = —12mA Vv 


Output voltage 

Vou High Voc = MIN, lou =-—2mA V 
Vor Low : lo = 10mA V 
be High Voc = MAX, Vin = 5.5V <1 80 pA 
lit Low Vin = 0.45V -10 —100 pA 


Output current 


lo(orF) Hi-Z state* 


Voc = MAX, Vout = 5.5V 
Vout = 0.45V 


Short circuit? 5 Vout = OV 


ot ea ee 


— 
Input Vcc = 5.0V, Vin = 2. OV 
a ee 
NOTES: 


All typical values are at Voc = 5V, Tarp = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with Vj; applied to OE. 

Duration of short circuit should not exceed 1 second. ~ 

Icc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
Leakage values are a combination of input and output leakage. 


NQOOhonm 
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(16 x 45 x 12) Pee 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tam $ +75°C, 4.75V S Voc $ 5.25V, R; =4709, Ro = 1kQ 


| LIMITS 


= 
= 
oe 
= 8) = 


CY 6. = B06F 
apt (ough Fl 0. = 0F 


Input (through 


a = ee GS 
tine Input (through F,) C. = 30pF 


Propagation delay 


—_ 
<= 
=s 


x 
Oo 


[oE- 
Ouputdisabe® 
(83 
Ouiput ona 


NOTES: 

1. All typical values are at Voc = 5V, Tanb = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

3. For 3-State output; output enable times are tested witfi C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Voz + 0.5V) level with S, closed. 

4. When using the Complement Array tcxp = 75ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 


2 
@) 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


INPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 


of inputs and outputs, unless otherwise specified. NOTE: 


C1 and C2 are to bypass Vcc to GND. 


Input Pulses 
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TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBOL | PARAMETER 
Width of input clock pulse. 
tox. | Interval between clock pulses. 


tCKL 
Clock period. 
Width of preset input pulse. 


i,B 
(INPUTS) 


Required delay between 
beginning of valid input and 
positive transition of clock. 


F 
(OUTPUTS) 


Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 

positive transition of clock. 


Required delay between 
positive transition of clock and 
end of valid input data. 


Flip-Flop Outputs 


Required delay between 
positive transition of clock and 
end of valid input data forced 

at flip-flop output pins. 


LB 
(INPUTS) 


Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 


B 
(OUTPUTS) 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Gate Outputs 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
Voc (internal Q outputs at “O”). 
Propagation delay between 
combinational inputs and 

outputs. 


F 
(OUTPUTS) 


Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 


1B 
(INPUTS) 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the OFF-State. 


Delay between positive 
transition of predefined 
Preset/Reset input, and 

when flip-flop outputs become 
valid. 


Power-On Reset 
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TIMING DIAGRAMS (Continued) 


1,B 
(INPUTS) 


—IWS 


4s1 


PRESET/RESET 
(, B INPUTS) 


PRESE 
a ( T) 


(RESET) 


(OUTPUTS) 1.5V (PRESET) 


* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if tis} 
cannot be guaranteed by the user. 


Asynchronous Preset/Reset 


WWE 


Flip-Flop Input Mode 
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LOGIC PROGRAMMING 

The PLS159A is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Signetics’ SNAP and SLICE, 
Data 1/O Corporation's ABEL™, and Logical 
Devices Inc.'s CUPL™ design software 
packages. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 


“AND” ARRAY - (1), (B), (Qp) 


‘ (Ty Fc) 


= 
Pinacnvesss [oO _| 


ENABLED \ 
| Sd 
) O-< 


Notes on following page. 


ABEL is atrademark of Data I/O Com. 
CUPL is a trademark of Logical Devices, Inc. 


May 11, 1988 


DISABLED "4 
e 
Se: 
wy, 


CUPL also accept, as input, schematic 
capture format. 


PLS159A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Signetics SNAP and SLICE PLD design 


CAUTION: 


software packages (PTP module). SLICE is 
available free of charge to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


(Th: Fc) 


TRANSPARENT 


THE PLS159A Programming Algorithm is different from the PLS159. 
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“OR” ARRAY - (Q, = J-K Type) 


M = DISABLED y 
) 
BD ae 


“OR” ARRAY — (S or B) 


[aesrarus | 6008 | 
[_acnve [a 


“OE” ARRAY - (E) 


=e 


En 


| ACTION, 


This is the initial unprogrammed state of all link pairs. tt is normally associated with all unused (inactive) AND gates. 
Any gate (T, Fe, L, P, R, D),, will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

To prevent oscillations, this state is not allowed for C link pamrs coupled to active gates Ty, Fc. 

E, = O and E, =e are logically equivalent states, since both cause F,, outputs to be unconditionally enabled. 

These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


OPW 
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FPLS PROGRAM TABLE 


Program unused Q, B, P, and R bits in the OR array as (-) 


or (A), as applicable. 


ground of entries corresponding to states of virgin links 
3. Unused Terms can be left blank. 


exists in the table, shown BLANK for clarity. 
2. Program unused C, !, B, and Q bits in the AND array as (-). 


of flip-flops Q. 


1. The device is shipped with all links intact. Thus a back- 
4. Q(P) and Q (N) are respectively the present and next states 


NOTES 


IDLE oO 


SERRSRREE See eRe Sea e A eR ERR SE RRR eee 


CONTROL 
F/F 
MODE 
(POL) 


JK 
JKorD | A 
(controlled) 


A 


sinawwoo | ——— ava —— “~~ # 318V.L WWYDOud 
G3AI303Y 31v0 | — SLYVd JO YSSWNN IWLOL 
# LUVd GAZMOSWAS HSWOLSND # SOIARG SOILSNDIS 
XXXX) 4d #Y30HO SSVHOUNd 
SOILANDIS AG GALS TdWOO 34 OL NOILHOd SIHL | — SSC... SEWN HSWOLSND 


{ACTIVE 


ie! | 
wie 
el S| 
<} 5) & 
a] aja 
wy a) 
GI 2| = 
Olalf& 


DON'T CARE 


INACTIVE 
18,0 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


(LOGIC TERMS) (CONTROL TERMS) 
Pa Rp Pa Ra tp ta D 
eae ROO OL, (IS ice | ed 
ee eee ae ee ee ee ee ee 

Se ea, a ee ee ee ee 
Gat eR ee eee, | 


SSFNOUT 159°: 
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DESCRIPTION 

The PLS167 and PLS167A are bipolar, 
Programmable Logic State machines of the 
Mealy type. The Programmable Logic 
Sequencers (PLS) contain logic AND/OR 
gate arrays with user programmable 
connections which control the inputs of 
on-chip State and Output Registers. These 
consist respectively of 8 Qp, and 4 Qr 
edge-triggered, clocked S/R flip-flops, with an 
asynchronous Preset Option. 


All flip-flops are unconditionally preset to “1” 
during power turn-on. 


The AND array combines 14 external inputs, 
10-13, with 8 internal inputs, PO-7, fed back 
from the State Register to form up to 48 
transition terms (AND terms). In addition, PO 
and P'1 of the internal State Register are 
brought off-chip to allow extending the Output 
Register to 6 bits, if so desired. 


All transition terms can include True, False, 
or Don't Care states of the controlling 
variables, and are merged in the OR array to 
issue next-state and next-output commands 
to their respective registers on the 
Low-to-High transition of the Clock pulse. 


Both True and Complement transition terms 
can be generated by optional use of the 
internal variable (C) from the Complement 
Array. Also, if desired, the Preset input can 
be converted to output-enable function, as an 
additional user programmable option. 


Order codes are listed in the Ordering 
information Table. 


ORDERING INFORMATION 


28-Pin Plastic Leaded Chip Carrier 


March 17, 1992 


DESCRIPTION ORDER CODE 
24-Pin Plastic Dual In-Line Package (300mil-wide) PLS167N, PLS167AN 


FEATURES 

® PLS167 
— fuax = 13.9MHz 
— 20MHz clock rate 


® PLS167A 
— fuax = 20MHz 
—- 25MHz clock rate 


® Field-Programmable (Ni-Cr link) 

@ 14 True/Complement buffered inputs 
@ 48 programmable AND gates 

@ 25 programmable OR gates 

® 8-bit State Register 

@ 2-bit shared State/Output Register 

® 4-bit Output Register 

® Transition Complement Array 


© Programmable Asynchronous 
Preset/Output Enable 


© Positive edge-triggered clock 


© Power-on preset to logic “1” of all registers 


@ Automatic logic “HOLD” state via S/R 
flip-flops 


® On-chip Test Array 

© Power: 600mW (typ.) 
®@ TTL compatible 

®@ 3-State outputs 


@ Single +5V supply 


APPLICATIONS 


@ |nterface protocols 

@ Sequence detectors 
© Peripheral controllers 
© Timing generators 

® Sequential circuits 


® Security locking systems 


PLS167A, PLS167AA 
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FUNCTIONAL DIAGRAM 


imf—fe_[ 
tees Sie 
pa eas 
aaa 
ees 
a ernee 


a> 
— 


POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 13 extemal inputs to the AND array used to program jump conditions Active-High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/Low 
exercised with standard TTL levels. When 10 is held at +10V, device outputs FO — 3 and 

PO — 1 reflect the contents of State Register bits P2 — 7 (see Diagnostic Output Mode 

diagram). The contents of flip-flops PO — 1 and FO — 3 remain unaltered. 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active-High 
Output Register bits Qo - 3, when enabled. When |0 is held at +10V, FO — 3 = (P2 — 5). 


Logic/Diagnostic Outputs: Two register bits with shared function as least Significant Active-High 
State Register bits, or most significant Output Register bits. When lg is held at +10V, 
PO —1 = (P6—7). 


Preset or Output Enable Input: A user programmable function: 


© Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active-High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and PO — 7 and 

FO — 3 are High. Normal clocking resumes with the first full clock pulse following a 

High-to-Low clock transition, after Preset goes Low. 


¢ Output Enable: Provides an Output Enable function to all output buffers. | Active-Low (L) 
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R gate inputs with a blown fuse float to logic “0”. 


Programmable connection. 


Bae #8 RG TEE GH Rs ESO dS ae a 
28 Sd nd Sd Ln Sve Sn hd nd We ae Pata ee dee 
& 


AVENE Ie CS? OC waz 


gesunreseereaesese z2zernin 


= =F = = 


S: 
AND gate inputs with a blown link float to a logic “1”. 


O 
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TRUTH TABLE 1: 2 3, 4,5, 6 LOGIC FUNCTION 


| PRESENT STATE 


STATE REGISTER A-B-C:... 


a a 


SET Qo: So = (Gq * Qy° Up) ° A°B'C... 
Ro =0 


RESET Q,:S,=0 
Ry = (Qo °Q,°U) ABC... 


HOLD Qo: So =0 
R2=0 


a 
pfeeee 


- 


NOTES: VIRGIN STATE 
1. Positive Logic: The factory shipped virgin device contains all 


S/R =To +17, +To+... 147 H A : . 
T,=C(I01112...)(POP1...P7) fusible links intact, such that: 


Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. 1. PR/OE option is sete PR. Thus, all 
The desired function is a user-programmable option. outputs will be at “1”, as preset by initial 
T denotes transition from Low-to-High level. power-up procedure. 


R = S = High is an illegal input condition. 
*=HorLor +10V. 
X = Don't Care (<5.5V) 


. All transition terms are disabled (0). 

All S/R flip-flop inputs are disabled (0). 
The device can be clocked via a Test 
Array pre-programmed with a standard 
ABSOLUTE MAXIMUM RATINGS' test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user 
PARAMETER program. This is accomplished 
automatically by any Signetics qualified 
programming equipment. 


MONA 
pwn 


THERMAL RATINGS 


TEMPERATURE 
a 


Allowable thermal rise 75°C 
ambient to junction 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb S$ +75°C, 4.75V S Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN | TYPt | MAX | UNIT 


Input voltage 


Vin i Vec = MAX V 
Vit Vec = MIN V 
Vic Vec = MIN, NN =—-12mA -0.8 V 
Output voltage? 


Voc = MIN 
Vou High* low = -2mA Vv 
VoL Low5 lot = 9.6mA V 


hy High VIN = 5.5V 
tie Low Vin = 0.45V 
hie : Low (CK input) Vin = 0.45V 
Output current 


Voc = MAX 
Hi-Z state 6 Vout = 5.5V 


Vout = 0.45V 
Short circuit? 7 Vout = OV 


es i a eee ae Se a 


Capacitance® . 

Cin input 8 pF 

Cout Output . 10 pF 
NOTES: : 


All typical values are at Voc = 5V, Tanb = 425°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with Vi, applied to OE and a logic high stored, or with Vg, applied to PR. 

Measured with a programmed logic condition for which the output is at a low logic level, and V) applied to PR/OE Output sink current is 
supplied through a resistor to Voc. 

Measured with Vj applied to PR/OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


OND APWON= 
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oe ELECTRICAL CHARACTERISTICS 
= 4702, Ro = 1kQ, C, = 30pF, 0°C < Tamp $ +75°C, 4.75°CV < Vog $ 5.25V 


LIMITS 
SYMBOL PARAMETER | PLS167— UNIT 
Fa ec Ee, 


Pulse width? 


toKH Clock? High CK + CK — 
teKL Clock Low CK - CK + 
tcxp Clock Period CK + CK + 
tery Preset pulse PR + PR —- 
Setup time? 

Input 
Input 
Input 
Input (through Complement Array) 
Input (through Complement Array) 


Input (through Complement Array) 


Power-on preset 
Preset 


pt | impute inte Pos ToT Ts Ts TT os | 


Propagation delay 


tcko Clock Output + 15 30 15 20 
toe Output enable Output — 20 30 20 30 
too Output disable* Output + 20 30 20 30 
tpr Preset Output + 18 30 18 30 
tppr Power-on preset Output + 10 0 10 
— of operation® 


Without Complement Array 13.9 
With Complement Array 9.8 
| Al aoalveie wea vss = 5V, Tarp = +25°C. 
. To prevent spunous clociung, clock rise time (10% — 90%) < 30ns. 
. See “Speed vs. OR Loading’ diagrams. 
. For 3-State output, output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high- impedance to High tests and 


closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Von — 0.SV) with S, open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S; closed. 


&ON = 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


ee 


10% 
ales sg 5n 
MEASUREMENTS: 


All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


OUTPUTS 


NOTE: 
C, and Co are to bypass Voc to GND. 


Input Pulses 
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TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 
Interval between clock pulses. 


Minimum guaranteed clock 
period. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input and 
positive transition of clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


Required delay between Vcc 
(after power-on) and negative 
transition of clock preceding 

first reliable clock pulse. 


Required delay between 
negative transition of 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 
pulse. 


Required delay between 
positive transition of clock and 
end of valid input data. 


Delay between positive 
transition of clock and when 
outputs become valid (with 

PR/OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input Io 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 


Register. 


Delay between input Io 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 

Register. 


Asynchronous Preset 


Vcc 


tppR | 
ee NWN 1.5V (Fy) = 1 


tcKp 


1.5V Delay between positive 
transition of Preset and when 


outputs become valid at "1°. 


Delay between Vcc (after 
power-on) and when outputs 
become preset at “1”. 


Width of preset input pulse. 


Minimum guaranteed 
operating frequency. 


us 4H 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


INTERNAL “> 
STATE age 


Diagnostic Output Mode 


SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 


(1/fuax) = toy = tis + tcxo 


This frequency depends on the number of 
transition terms T, used. Having all 48 terms 
connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR line 
affects tig, due to capacitive loading. The 
effect of this loading can be seen in Figure 1, 
showing the variation of tis; with the number 
of terms connected per OR. 


The PLS167 AC electrical characteristics Figure 1. PLS167 ts; vs. 


contain three limits for the parameters tis; 
and tico (refer to Figure 1). The first, tisya is 
guaranteed for a device with 48 terms 
connected to any OR line. ts:3 is guaranteed 
for a device with 32 terms connected to any 
OR line. And tisic iS guranteed for a device 
with 24 terms conntected to any OR ine. 


The three other entnes in the AC table, tio A, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-chip 
Complement Array. 

The PLS167A AC electrical characteristics 
contain two limits for the parameters tis; and 
tise (refer to Figure 2). The first, tis, is 
guaranteed for a device with 24 terms 
connected to any OR line. tis igis guaranteed 


for a device with 16 terms connected to any Figure 2. PLS167A tis; vs. 


OR line. 
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TERMS CONNECTED/OR 


Terms/OR Connected 


TERMS CONNECTED/OR 


Terms/OR Connected 
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The two other entries in the AC table, tiga A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 


The worst case of tig for a given application 
can be determined by identifying the OR line 
with the maximum number of T, connections. 
This can be done by referring to the inter- 
connect pattern in the PLS logic diagram, 
typically illustrated in Figure 3, or by counting 
the maximum number of “H” or “L” entries in 
one of the columns of the device Program 
Table. 


This number plotted on the curve in Figure 1 
or Figure 2 will yield the worst case tig and, by 
implication, the maximum _ clocking 
frequency for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. 


TRANSITION TERMS T,, 


OR 
(3) 


NOT 
USED 


Figure 3. Typical OR Array 
interconnect Pattern 
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LOGIC PROGRAMMING All packages allow Boolean and state 
The PLS167/A devices are fully supported by — @Quation entry formats. SNAP, ABEL and 
industry standard (JEDEC compatible) PLD CUPL also accept, as input, schematic 


CAD tools, including Signetics’ SNAP and capture format. 

SLICE design software packages. ABEL™, PLS167/A logic designs can also be 
CUPL™ and PALASM® 90 design software generated using the program table entry 
packages also support the PLS167/A format detailed on the following pages. This 
architecture. program table entry format is supported by 


the Signetics SNAP and SLICE PLD design 


PRESET/OE OPTION - (P/E) 


PRIOE 
P i 
nt ieaeaer 
(ALWAYS 
= ENABLED) DISABLED) 


PRESET! 


PROGRAMMING: 

The PS 167/A has a power-up preset feature. This feature insures that the device will power-up ina 
known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


“AND” ARRAY - (1), (P) 


i,p 
i,P 
Tp 
Tn 


7 
[wacrve™? | 0 


“OR” ARRAY — (N), (F) 


" nal 
mt—t—} > 
INACTIVE! 3 


PROPAGATE 


NOTES: 
1. This is the initial unprogrammed state of all links. 


software packages (PTP module). SLICE is 
available free of charge to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


[AeTION [CODE] 
[Transparent |_| 


2. Any gate T,, will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 


flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
ABEL is a trademark of Data /O Corp. 


CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Comp. 
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CHERERERS SERDAR REEL RRR ERR ERER RRR ees 
CRRA R ee SaRRe Ae RASA RRR RARE eRe eee 


in | zo es 
in . 


' 
GES ER ee ERE ERE RPE REL ARERR EERE ERE EERE ae 
' 
Ste) Ce TET Tsien Tee eT TS TOP De Tol slete eh Pel he) 


OUTPUT (Fr) 


OPTION (P/E) 


2 
ned 
< 
3 
- 
a 
2 


REMARKS 


GENERATE 

PROPAGATE 
_TRANSPARENT' 

DON'T CARE 


1P 


Set clobel alte) [| 
ce STR 


” 
‘e 
ene 
iw 
CDRRS CAS REL EERE ERR REL EOE Ees BERR 


PRESENT STATE (P,) 


om} 
x< 
<< 
x< 
x 
u. 
O 


* 
- 
a 
aw 
OF 
wo 
Sc 
Ou 
m 0 
= 
” am 
cs 
Ww > 
zz 
me = 
a6 
OF 


Li 
ad 
< 
b= 
= 
<q 
g 
x 
a. 


eae 
Ser esac 
A ae 
ik aes 
i 
ee 
7 ee 
2 er 
fo ee 


PURCHASE ORDER # 
SIGNETICS DEVICE # 


CUSTOMER NAME 


Benes 
ps pe 
Pe oils 
maar 
pt] 
Bee 
The device is shipped with ail links initially intact. Thus, a background of “0” for all Terms, and an “H” for the P/E option, exists in the table, 


shown BLANK instead for clarity. 
Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic type programmers. 


Unused Cp, Im, and P, bits are normatly programmed Don't Care (-). 


NOTES 


2 
3 


e 
= 


eee 
BJ RET ERERRERAHRAABBARAARAAAAHAAAAANAAAABARARRRARL TEE 5 
afg{5 aTaVIUVA 


= 
oi 8 Si 
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TEST ARRAY 


The PLS may be subjected to AC and DC 
parametric tests prior to programming via an ~ (in + Fr¥Fn 
on-chip test array. (0 ) 


The array consists of test transition terms 48 
and 49, factory programmed as shown 


below. ati ae 
Testing is accomplished by clocking the PLS 

and applying the proper input sequence to (hy + Fy VF 
lo.13 as shown in the test circuit timing ee ae 
diagram. 


State Diagram 


; INPUT (im) PRESENT STATE (Ps) 
3 TTeTslal3lye2 


1 1 1 
2}1/ofolsl7l6 [514 3 f2T1l1e 1 
FHIH[H]HTHTH HT HTH HPA WA | 
PURFLEET LILLE fe pefepefefe{e{efefejefe 


rT 


Test Array Program 
475 +5V 
Vec 
ov 
. ‘CKH ‘ 
s KL 

Both terms 48 and 49 must be deleted ‘ Vin 
during user programming to avoid interfering AK 1.5V 1.5V 1.5V 
with the desired logic function. This is . VIL 


accomplished automatically by any 
Signetic’s qualified programming equipment. 


Test Circuit Timing Diagram 


_______orrone) Sd 
Pe. Oe 


NEXT STATE (Ns) _ OUTPUT (Fr) 


7761514] ]31211/o/s5]4]13]2]1T1]0 
|-|-|-[-[-|-|-[-[-|-|-]-]-|[- | 
|-|-j-}-]-[-[ -[-]-[-]-|-[-[-| 


Test Array Deleted 
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DESCRIPTION 

The PLS168 and the PLS168A are bipolar, 
Programmable Logic State machines of the 
Mealy type. They contain logic AND/OR gate 
arrays with user programmable connections 
which control the inputs of on-chip State and 
Output Registers. These consist respectively 
of 10 Qp, and 4 Or edge-triggered, clocked 
S/R flip-flops, with an Asynchronous Preset 
Option. 


All flip-flops are unconditionally preset to “1” 
during power turn-on. 


The AND array combines 12 external inputs, 
10-11, with 10 internal inputs, PO-9, fed back 
from the State Register to form up to 48 
transition terms (AND terms). In addition, 
PO—P3 of the internal State Register are 


brought off-chip to allow extending the Output 


Register to 8 bits, if so desired. 


All transition terms can include True, False, 
or Don’t Care states of the controlling 
variables, and are merged in the OR array to 
issue next-state and next-output commands 
to their respective registers on the 
Low-to-High transition of the Clock pulse. 


Both True and Complement transition terms 
can be generated by optional use of the 
internal variable (C) from the Complement 
Array. Also, if desired, the Preset input can 
be converted to output-enable function, as an 
additional user programmable option. 


Order codes are listed in the Ordering 
Information table below. 


ORDERING INFORMATION 


28-Pin Plastic Leaded Chip Carrier 
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DESCRIPTION 
24-Pin Plastic DIP (300mil-wide) PLS168N, PLS168AN 


FEATURES 

® PLS168 
— fuax = 13.9MHz 
— 20MHz clock rate 


® PLS168A 
— fuax = 2OMHz 
— 25MHz clock rate 


® Field-Programmable (Ni-Cr link) 
®@ 12 True/Complement buffered inputs 
© 48 programmable AND gates 


PIN CONFIGURATIONS 


© 29 programmable OR gates 

© 10-bit State Register 

@ 4-bit shared State/Output Register 
© 4-bit Output Register 


® Transition Complement Array 


N = Plastic DIP (300mil-wide) 


A Package 


®@ Programmable Asynchronous 
Preset/Output Enable 


® Positive edge-tnggered clock 


I3 4 ISCLK Vcc 6 17 
28) 27) |26 

@ Power-on preset to logic “1” of all registers 

® Automatic logic “HOLD” state via S/R 

flip-flops 

® On-chip Test Array 

®@ Power: 600mW (typ.) 

® TTL compatible 


© 3-State outputs F2 F3 GND Po P1 P2 P3 
A = Plastic Leaded Chip Carrier 


@ Single +5V supply 


APPLICATIONS 

® interface protocols 

® Sequence detectors 

© Peripheral controllers 

© Timing generators 

® Sequential circuits 

® Security locking systems 
® Counters 


® Shift registers 


ORDER CODE 
PLS168A, PLS168AA 


301 853-0322 97853 
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FUNCTIONAL DIAGRAM 


PIN DESCRIPTION 


| PINNO. | SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 11 external inputs to the AND array used to program jump conditions Active-High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 12th extemal logic input to the AND array, as above, when Active-High/Low 
exercised with standard TTL tevels. When I0 is held at +10V, device outputs F2 — F3 and 

PO — P3 reflect the contents of State Register bits P4 — 9 (see Diagnostic Output Mode 

diagram). The contents of fip-Sops PO — 1 and FO — 3 remain unaltered. 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active-High 
State Register bits PO — 3. When 10 is held at +10V these pins reflect (P6 — P9). 


Logic/Diagnostic Outputs: Two register bits (F2 — F3) which reflect Output register bits Active-High 
(Q2 —Q3). When WO ts hetd at + 10V, these pins reflect (P4 — P5). 


Preset or Output Enable input: A user programmable function: 


© Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active-High (H) 
bits. Preset overndes Clock, and when held High, clocking is inhibited and PO — 9 and 

FO —3 are High. Normal clocking resumes with the first full clock pulse following a 

High-to-Low clock transaion. after Preset goes Low. 


e Output Enable: Provides an Output Enable function to all output buffers. Active-Low (L) 


Logic Output: Two device outputs which reflect Output Registers QO - Q1. When 10 is 
held at +10V, FO — F1 = Logic "1". 
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TRUTH TABLE 1: 2; 3, 4, 5,6 LOGIC FUNCTION 
ie Typical State Transition: 
| PR a2 ar ao 
H X X (sn) PRESENT STATE 
L X X CORRES 
L X X STATE REGISTER K-B'C-... 
H X X nog , En 9) NEXT STATE 
me : SS fe feta | 
L X X 
L tT L SET Qo: So = (zg - Qy° Uy) A‘ B-C... 
Ro = 0 
‘ T L RESET Q;:S;=0 
L T H Ry = (Gp 1°) ABC. 
L T H 
HOLD Qo: Sp = 0 
NOTES: 
1. Positive Logic: 
S/R 3 To + Ty + To +...¢ T47 VIRGIN STATE P 
Tp = C(IO 11 12...) (PO P1... P9) The factory shipped virgin device contains all 
2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. fusible links intact, such that: 
The desired function is a user-programmable option. 1. PR/OE option is set to PR. Thus, all outputs 
3. T denotes transition from Low-to-High level. will be at “1”, as preset by initial power-up 
4. R=S = Highis an Megal input condition. procedure. 
5. * =H orl or +10V. All transition terms are disabled (0). 
6. X = Don’t Care (<$.5V) 


All S/R flip-flop inputs are disabled (0). 
. The device can be clocked via a Test 
ABSOLUTE MAXIMUM RATINGS! Array pre-programmed with a standard 


test pattern. 
SYMBOL PARAMETER 


NOTE: The Test Array pattern MUST be 
| MIN | deleted before incorporating a user 

ea program. This is accomplished 

i 

Your | Oupetvatags 
ec Oe 
ee 
edo 
ees. 


fon 


THERMAL RATINGS 


TEMPERATURE 


Allowable thermal rise 75°C 
ambient to junction 


automatically by any Signetics qualified 
programming equipment. 

Output currents 

b Tanbe.. Operating temperature range 

| Too Storage temperature range 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
O°C < Tam $ +75°C, 4.75V < Voc $ 5.25V 


SYMBOL PARAMETER TEST CONDITION a UNIT 


Input cla 

Voc = MAX 

Vcc = MIN 

Voc = MIN, liy =—12mA 

Output voltage? 

Voc = MIN 

lon = —2mA 

lo. = 9.6mA 


High Vin = 5.5V 


Low Vin = 0.45V 


Low (CLK input) Vin = 0.45V 


Output current 
Voc = MAX 
lo(oFF) Hi-Z state® VouT = 5.5V 
Vout = 0.45V 


Short circuit? 7 Vout = OV 


Se oT a Te ee ee eee 


Capacitance® 


All typical values are at Voc = 5V, Tamb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with Vj applied to OE and a logic high stored, or with Vi applied to PR. 

Measured with a programmed logic condition for which the output is at a low logic level, and V,_ appled to PR/OE Output sink current is 
supplied through a resistor to Vcc. 

Measured with Vj, applied to PR/OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


PND AhoONMW= 
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AC ELECTRICAL CHARACTERISTICS 
Ry = 4700, Re = 1kO, Cy = 30pF, 0°C < Tanp $ +75°C, 4.75°CV < Voc $ 5.25V 


Po IMITS 
Pin [ rve! [Max | win [ TYP! | MAX, 
Pulse width® 


teKH Clock? High CK + CK-— 20 
teKL Clock Low CK - CK + 20 
tcxp Clock Period CK + CK + 40 
tpray Preset pulse PR + PR— 25 


Setup time? 


SYMBOL PARAMETER 


Input 
Input 
Input 
Input (through Complement Array) 


Input (through Complement Array) 
Input (through Complement Array) 
Power-on preset 

Preset 


ptf input cK tmp Ps to TEs P= TT os | 


Propagation delay 


Clock a + 15 | 30 15 | 20 

Output enable* 20 30 20 30 

Output disable* 7 20 30 20 30 

Preset : 8 _ : 8 30 

Power-on preset 10 
Frequency of operation? 
fuaxC Without Complement Array 13.9 MHz 
fuaxC | With Complement Array 9.8 MHz 

Nie ee 


All typical values are at Voc = 5V, Tam = +25°C.  ~ 

To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 

See “Speed vs. OR Loading” diagrams. 

For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S; closed. 


fFon> 


TEST LOAD CIRCUIT | _ VOLTAGE WAVEFORMS 
= 5 tR tf ee 


wWw—— 


INPUTS | 


a 


OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
MOTE: inputs and outputs, unless otherwise specified. 


C+ ane C2 are to bypass Voc to GND. input Pulses 
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TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 
Interval between clock pulses. 


Minimum guaranteed clock 
period. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input and 
positive transition of clock, 
when using optional 
Complement Array (two 
‘passes necessary through the 
AND array). 


Required delay between Vcc 
(after power-on) and negative 


vs transition of clock preceding 
first reliable clock pulse. 
Required delay between 
negative transition of 

le asynchronous Preset and 


negative transition of clock 
preceding first reliable clock 
pulse. 


Required delay between 
positive transition of clock and 
end of valid input data. 


Delay between positive 
transition of clock and when 
outputs become valid (with 

PR/OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


tcko 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input lo 

transition to Diagnostic mode 
igre and when the outputs reflect 
the contents of the State 
Register. 
Delay between input lp 
Wansition to Logic mode and 
tsp when the outputs reflect the 
contents of the Output 
Reegester. 
Delay between positive 
wansaion of Preset and when 
outputs become valid at “1”. 


Delay between Voc (after 
power-on) and when outputs 
become preset at “1”. 


a 
s 
3° 
=~ 
ao] 
a 
9) 
n 
oO 
~~ 
=) 
OD 
Cc 
- 
no] 
=. 
n 
© 


Minimum guaranteed 
operating frequency. 


Power-On Preset 


October 11, 1989 307 


Philips Semiconductors—Signetics Programmable Logic Devices Product specification 


Programmable logic sequencers 


(12 x 48 x 8) PLS168/A 


TIMING DIAGRAMS (Continued) 


INTERNAL __ 
STATE REG. 


tsro~ > 


OL 


Diagnostic Mode 


SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 


can be clocked while operating in sequential — 


mode is given by: 


(1Awax) = tey = tig + texo 


This frequency depends on the number of 
transition terms T,, used. Having all 48 terms 
connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR line 
affects tis, due to capacitive loading. The 
effect of this loading can be seen in Figure 1, 
showing the variation of t;5, with the number 
of terms connected per OR. 


The PLS168 AC electrical characteristics 
contain three limits for the parameters tis; 
and tiso (refer to Figure 1). The first, tisz, is 
guaranteed for a device with 48 terms 
connected to any OR line. tig is guaranteed 
for a device with 32 terms connected to any 
OR line. And tisic is guranteed for a device 
with 24 terms conntected to any OR line. 


The three other entries in the AC table, tio A, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-chip 
Complement Array. 


The PLS168A AC electrical characteristcs 
contain two limits for the parameters ts; and 
tiso (refer to Figure 2). The first, ts:, is 
guaranteed for a device with 24 terms 
connected to any OR line. tig}, is guaranteed 
for a device with 16 terms connected to any 
OR line. 


October 11, 1989 


16 24 32 40 48 
TERMS CONNECTED/OR 


Figure 1. PLS168 ts; vs. 
Terms/OR Connected 


24 
TERMS CONNECTED/OR 


Figure 2. PLS168A ts; vs. 
Terms/OR Connected 
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The two other entries in the AC table, tiso A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 


The worst case of tig for a given application 
can be determined by identifying the OR line 
with the maximum number of T, connections. 
This can be done by referring to the 
interconnect pattern in the PLS logic 
diagram, typically illustrated in Figure 3, or by 
counting the maximum number of “H” or “L” 
entries in one of the columns of the device 
Program Table. 


This number plotted on the curve in Figure 1 
or 2 will yield the worst case tig and, by 
implication, the maximum _ clocking 
frequency for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. 


TRANSITION TERMS T, 


(4) 


(3) 


NOT 
USED 


Figure 3. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING All packages allow Boolean and state software packages (PTP module). SLICE is 
The PLS168/A devices are fully supported by  @quation entry formats. SNAP, ABEL and available free of charge to qualified users. 
industry standard (JEDEC compatible) PLD CUPL ae accept, as input, schematic To implement the desired logic functions, the 
CAD tools, including Signetics' SNAP and capivie tomate state of each logic variable from logic 

SLICE design software packages. ABEL™, PLS168/A logic designs can also be equations (I, B, O, P, etc.) is assigned a 
CUPL™ and PALASM@ 90 design software generated using the program table entry symbol. The symbols for TRUE, 

packages also support the PLS168/A format detailed on the following pages. This © COMPLEMENT, INACTIVE, PRESET, etc., 
architecture. program table entry format is supported by are defined below. 


the Signetics SNAP and SLICE PLD design 
PRESET/OE OPTION — (P/E 


PR/IOE 
i ; 
. E=1 
(ALWAYS 
, = ENABLED) 


PRESET! 


PROGRAMMING: 

The PLS168/A has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the device. 
You must provide a next state jump if you do not wish to use all Highs (H) as the present state. 


“AND” ARRAY - (1), (P) 


Th 


a 
[wacnves? [0 | 


“OR” ARRAY - (N), (F) 


INACTIVE? 3 


“COMPLEMENT” ARRAY - (C) 


Ps c c 
c c c 
T Tn Tn 


n 
[neon e008 RETON [CODE] RETIN 
_ INACTIVE? 4 GENERATE | A | PROPAGATE | © | TRANSPARENT 


NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (|, P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T,, (see 
flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,. 


ABEL is a trademark of Data VO Com. | 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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PURCHASE ORDER # 


ESL 
S22 
Been See 
ae 
aa 
Eee ee es! 
eae ae 
Ce | 
aes ae 
eee Te 
GE EE BE 
Raa se 
ee 
eee 
ea ae ae 
ee 
aa ee 
i Ser ee es 
i ee ee 
The device is shipped with all links initially intact. Thus, a background of “0” for all Terms, and an “H” for the P/E option, exists in the table, 


shown BLANK instead for clarity. 
2. Unused Cp, Im, and Pg bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic type programmers. 
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Programmable logic sequencers 


(12x 48 x 8) PLS168/A 


TEST ARRAY 


The PLS may be subjected to AC and DC 


parametric tests prior to programming via an  \ (In + FrFn 
on-chip test array. @ 


The array consists of test transition terms 48 
and 49, factory programmed as shown 


Circuit timing diagram. 


below. (n- Fn¥Fn (- Fo Fp 
Testing is accomplished by clocking the 

FPLS and applying the proper input hy + Foy, 
sequence to 10-13 as shown in the test ) sites 


State Diagram 


Test Array Program 


4.75 +5V 


Voc 


Both terms 48 and 49 must be deleted 

during user programming to avoid interfering CLK 
with the desired logic function. This is 

accomplished automatically by any = 


Signetic’s qualified programming equipment. = 
11 


STATE 
REGISTER 
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Test Circuit Timing Diagram 


Test Array Deleted 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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Programmable logic sequencer 


(20 x 45 x 12) 


Product specification 


PLS179 


DESCRIPTION 

The PLS179 is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a “foldback” inverting buffer and 
control gate, Fc. It features 8 registered I/O 
outputs (F) in conjunction with 4 bidirectional 
VO lines (B). There are 8 dedicated inputs. 
These yield variable |/O gate and register 
configurations via control gates (D, L) ranging 
from 20 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 8 inputs (I), 
bidirectional I/O lines (B), internal flip-flop 
outputs (Q), and the Complement Array 
output (©). The Complement Array consists 
of a NOR gate optionally linked to all AND 
gates for generating and propagating 
complementary AND terms. 


On-chip T/C buffers couple either True (I, B, 
Q) or Complement (J, B, , ©) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates can drive bidirectional I/O lines 
(B), whose output polarity is individually 
programmable through a set of EX-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the 32 AND gates 
can drive the J-K inputs of all flip-flops. Four 
AND gates have been dedicated for the 
Asynchronous Preset/Reset functions. 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (Q) and 
programmable output select lines (E). 


The PLS179 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are listed below. 


ORDERING INFORMATION 


May 11, 1988 


DESCRIPTION ORDER CODE 
24-Pin Plastic Dual In-Line Package (300mil-wide) PLS179N 
28-Pin Plastic Leaded Chip Carrier PLS179A 


FEATURES 
e fax = 18.2MHz 
— 25MHz clock rate 


® Field-Programmable (Ni-Cr link) 
® 8 dedicated inputs 

® 13 contro! gates 

® 32 AND gates 

@ 21 OR gates 


© 45 product terms: 
— 32 logic terms 
- 13 control terms 


®@ 4 bidirectional I/O lines 
© 8 bidirectional registers 
@ J/K, T, or D-type flip-flops 
®@ Asynchronous Preset/Reset 
® Complement Array 
® Actve-High or -Low outputs 
®@ Programmabie OE control 
© Positive edge-triggered clock 
© Power-on reset on flip-flop 
(Fy =*17) 
@ Input loading: — 100LA (max.) 
®@ Power diss:paton: 750mW (typ.) 
® TTL compatbie 
® 3-State outputs 


313 


PIN CONFIGURATIONS 
N Package 


N = Plastic Dual In-Line Package (300mitwide) 


A Package 
lo CLK Vcc B3 F7 


BO B1 GND OE B2 FO F1 
A = Plastic Leaded Chip Carrier 


APPLICATIONS 


@ Random sequential logic 

@ Synchronous up/down counters 
® Shift registers 

® Bidirectional data buffers 

® Timing function generators 

®@ System controllers/synchronizers 


®@ Priority encoder/registers 


853-0862 93255 
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Programmable logic sequencer 


(20 x 45 x 12) 


PLS179 


LOGIC DIAGRAM 
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Programmable logic sequencer 


(20 x 45 x 12) PLS179 


FUNCTIONAL DIAGRAM 


(LOGIC TERMS) (CONTROL TERMS) 
Pp Rg Pa Ra 


FLIP-FLOP TRUTH TABLE mals 


Positive Logic: 


L CK PR J K J-K = To + 14 + To .oceececececeee ees T31 
iene Tn =O. (10-11-12...) - (Qo-Q, ...)- 
2. otes transition from Low to High level. 
3. X = Dont care 
4. * = Forced at F, pin for loading the J-K 


cf 


M MIC mie cer Cr erly eel K€ 


flip-flop in the Input mode. The load 
control term, L, must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) dunng Preload. 

5. AtP =R=H, Q =H. The final state of Q 
depends on which is released first. 

6. ** = Forced at F, pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 


<ixz Lire reel lé_ck xX 
«KM Mim rier em mr erie cK 
Zejct ml cm ft om ol cK KIX 
mom Lier Dizm em LD Ol KK KI XK 
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Programmable logic sequencer as, 
(20 x 45 x 12) , PESTS 


LOGIC FUNCTION VIRGIN STATE THERMAL RATINGS 


The factory shipped virgin device contains all TEMPERATURE 
fusible links intact, such that: ae 
1. O's always enabled 150°C 


Allowable thermal rise 75°C 
ambient to junction 


Q3 @2 Qi Qo 


f+ To [+ [To] (sn) present srare 


STATE REGISTER A-B-c.-... 


[oo To] +] bess) nexrstare 


SET Qo: dp = (Q3 * G+ Q;- Gy) A-B'C... 


2. Preset and Reset are atieys disabled. 
3. All transition terms are disabled. — 
4 


. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 


noe or D (controlled). 
RESET ss ate a Wo°Q,°Gy):A'B-C... 5. AlB eaideks eee and all F pins athe | 
HOLD Qo: Jo = 0 outputs unless otherwise programmed. 
Kg=0 


TOGGLE Q3: J = (Q3 ° Go - Qy Gg) 'A 
Kg = (Cg: Gp Qy * Up) °K 


NOTE: 
Similar logic functions are applicable for D 
‘and T mode flip-flops. 


ABSOLUTE MAXIMUM RATINGS!" 


| RATINGS 
SYMBOL PARAMETER | MAX | UNIT 


Supply voltage 
Input voltage 


a eo 
Evers | nie 
ee 
~aa Input currents ee ee 
Lor ed 

ae 

eee J 


a 
Ty | Sorage temperature ange SSS 


NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at these 
or any other condition above those indicated in the operational and programming specification of the device is not implied. | 


| 4 
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Programmable logic sequencer be, 
(20 x 45 x 12) PLS179 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb S$ +75°C, 4.75V < Vog $ 5.25V 


SYMBOL PARAMETER TEST CONDITION ae UNIT 


Input voltage? 

Vin High Vcc = MAX V 
Vit Low Vcc = Min V 
Vic Clamp Vcc = MIN, lin =—12mA 0.8 V 
—_ voltage? 


High Voc = MIN, Ion = -2mA 
Low5 lo. = 10mA 
hi High Vec = MAX, Vin = 5.5V <1 40 pA 
hie Low Vin = 0.45V -10 —100 — pA 
Vout = 0.45V 


Output current 
—140 
Short circuit? 5 Vout = OV 


oe oe 


Coperianee 


Ci Voc = 5.0V, Vin = 2.0V pF 
Cout Vout = 2. OV pF 
NOTES: 
All typical values are at Voc = 5V, Tanb = +25°C. 


All voltage values are with respect to network ground terminal. 
Test one at a time. 


Measured with Vj applied to OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
Leakage values are a combination of input and output leakage. 


Hi-Z state* 7 


lo(orF) Voc = MAX, Vout = 5.5V 


NOaPoONn>= 
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Programmable logic sequencer 
(20 x 45 x 12) 


PLS179 


AC ELECTRICAL CHARACTERISTICS 
Ry = 470, Ro = 1kQ, C, = 30pF, 0°C < Tam $ +75°C, 4.75°CV S$ Veg $ 5.25V 


SYMBOL PARAMETER TO TEST | UMITS UNIT 


Pulse width? 


tery Preset/Reset pulse (1, B) - 


toKH Clock? High | “4 CK + 20 4 
teKL Clock Low CK — 20 
tcxp Clock period CK + 40 

35 


Setup time 
Input CK + 
Input (through F,) CK + 
Input (through Complement Array)* CK + 


Input (|, B) + CK + C, = 30pF 
Propagation delay 

| Clock 
Output enable? 
Output disable? 
Output 

Output enable? 
Output disable? 
Preset/Reset 


Power-on preset 
NOTES: 


1. All typical values are at Voc = 5V, Tamp = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 1Ons. 

3. For 3-State output; output enable times are tested with C, = 30pF w the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S; closed. 

4. When using the Complement Array tcxp = 75ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


10% 
ov——— 


seefe— ta 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specitied. 


NOTE: 
Cy and Co ase to bypass Vcc to GND. 


Input Pulses 
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Programmable logic sequencer 
(20 x 45 x 12) 


PLS179 


TIMING DIAGRAMS 


4B 
(INPUTS) 


Flip-Flop Outputs 


1,B 
(INPUTS) 


B 
(OUTPUTS) 


1B 
(OUTPUT 
ENABLE) 


Gate Outputs 


Voc 


F UY 
(OUTPUTS) y asy 


8 
(INPUTS) 


tCKH 
tCKP 


Power-On Reset 
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TIMING DEFINITIONS ; 


SYMBOL PARAMETER 
Width of input clock pulse. 


Interval between clock pulses. 


i 
Minimum guaranteed Clock 
loxP period. 


Width of preset input pulse. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 


Required delay between 
positive transition of clock and 
end of valid input data. 


Required delay between 
positive transition of clock and 
end of valid input data forced 

at flip-flop output pins. 


Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “O”). 


Propagation delay between 
combinational inputs and 
outputs. 


Delay between predefined 
Output Enable High, and 

when combinational Outputs 
become valid. 


Delay between predefined 
Output Enable Low and when 
combinational Outputs are in 

the OFF-State. 


Delay between positive 
transition of predefined 
Preset/Reset input, and when 
flip-flop outputs become valid. 
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(20 x 45 x 12) PLS179 


TIMING DIAGRAMS (Continued) 
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* Preset and Reset functions override Clock. However, F outputs may glitch with the fest positive Clock Edge if t15} 
cannot be guaranteed by the user. 
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Asynchronous Preset/Reset 
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Flip-Flop Input Mode 
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Programmable logic sequencer 
(20 x 45 x 12) 


PLS179 


LOGIC PROGRAMMING CUPL also accept, as input, schematic 
The PLS179 is fully supported by industry capture format 
standard (JEDEC compatible) PLD CAD PLS179 logic designs can also be generated 


tools, including Signetics’ SNAP and SLICE, using the program table entry format detailed 
Data I/O Corporation's ABEL™; and Logical on the following pages. This program table 
Devices Inc.'s CUPL™ design software entry format is supported by the Signetics 
packages. SNAP and SLICE PLD design software 

All packages allow Boolean and state 

equation entry formats. SNAP, ABEL and 


“AND” ARRAY -— (1), (B), (Qp) 


packages (PTP module). SLICE is available 
free of charge to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


(T, Fo, L, P, R, Din 


[see 6008 
[owreane [| -_| 


(Tn: Fe) (Tr Fo) (Th Fo) 


[coe | 
Pinnenvesss [0] 


Notes on following page. 


ABEL bs a trademark of Data //O Com. 
CUPL is a trademark of Logical Devices, Inc. 
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(20 x 45 x 12) PLS179 


“AND” ARRAY — (Qy = J-K Type) 


fi 
7, 


“OR” ARRAY -— (S or B) 


Tn 


Ta 
(OR B) (OR B) 


a ceed | * 


Ee 


“OE” ARRAY - (E) 


En En 


CODE 
ssf 


. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
. Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if any one of the |, B, or Q link pairs are left intact. 

To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp, Fe. 

E, = O and E, = e are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

. These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


Meow 
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Programmable logic sequencer 


(20 x 45 x 12) 


Program unused Q, B, P, and R bits in the OR array as (-) 


or (A), as applicable. 


ground of entries corresponding to states of virgin links ex- 
3. Unused Terms can be left blank 


ists in the table, shown BLANK for clarity. 
2. Program unused C, |, B, and Q bits in the AND array as (-). 


1. The device is shipped with all links intact. Thus a back- 
4. Q(P) and Q (N) are respectively the present and next states 


NOTES 


CONTROL! A 
ENABLE | « 
DISABLE 
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DON'T CARE 
GENERATE 

PROPAGATE 
TRANSPARENT. 


INACTIVE 


INACTIVE 


PROGRAM TABLE 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


(LOGIC TERMS) (CONTROL TERMS) 


Pg Rg Pa Ra ig la 
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CMOS programmable multi-function PLD 


(42 x 105 x 12) 


Product specification 


PLC42VA12 


DESCRIPTION 

The new PLC42VA12 CMOS PLD from 
Signetics exhibits a unique combination of 
the two architectural concepts that 
revolutionized the PLD marketplace. 


The Signetics unique Output Macro Cell 
(OMC) embodies all the advantages and 
none of the disadvantages associated with 
the “V" type Output Macro Cell devices. This 
new design, combined with added 
functionality of two programmable arrays, 
represents a significant advancement in the 
configurability and efficiency of multi-function 
PLDs. 


The most significant improvement in the 
Output Macro Cell structure is the | 
implementation of the register bypass 
function. Any of the 10 J-K/D registers can be 
individually bypassed, thus creating a 
combinatorial I/O path from the AND array to 
the output pin. Unlike other “V" type devices, 
the register in the PLC42VA12 Macro Cell 
remains fully functional as a buried register. 
Both the combinatorial I/O and buried register 
have separate input paths (from the AND 
array). In most V-type architectures, the 
register is lost as a resource when the cell is 
configured as a combinatorial 1/O. This 
feature provides the capability to operate the 
buried register independently from the 
combinatorial I/O. 


The PLC42VA 12 is an EPROM-based CMOS 
device. Designs can be generated using 
Signetics SNAP and SLICE PLD design 
software packages or one of several other 
commercially available JEDEC standard PLD 
design software packages. 


ORDERING INFORMATION 


24-Pin Ceramic Dual In-Line with window, 
Reprogrammable (300mil-wide) 


24-Pin Plastic Dual In-Line, 
One Time Programmable (300mil-wide) 


28-Pin Plastic Leaded Chip Carrier, 
One Time Programmable (450mil-wide) 


PAL is a registered trademark of Advanced Micro Devices, Inc. 


March 18, 1992 


DESCRIPTION ORDER CODE 


FEATURES 
® High-speed EPROM-based CMOS 
Multi-Function PLD 
— Super set of 22V10, 32VX10 and 
20RA10 PAL®@ ICs | 
® Two fully programmable arrays eliminate 
“P-term Depletion” 
— Up to 64 P-terms per OR function 
® Improved Output Macro Cell Structure 
_~ Individually programmable as: 
* Registered Output with feedback 
* Registered Input 
* Combinatorial I/O with Buried Register 
* Dedicated I/O with feedback 
* Dedicated Input (combinatorial) 
— Bypassed Registers are 100% functional 
with separate input and feedback paths 
— Individual Output Enable control 
functions 


* From pin or AND array 


® Reprogrammable — 100% tested for 
programmability 


@ Eleven clock sources 


® Register Preload and Diagnostic Test Mode 
Features 


®@ Security fuse 


APPLICATIONS 


® Mealy or Moore State Machines 
~ Synchronous 
- Asynchronous 


® Multiple, independent State Machines 
® 10-bit npple cascade 

® Sequence recognition 

® Bus Protocol generation 

® Industrial control 

® A/D Scanning 


PLC42VA12FA 
PLO42VA12N 
PLC42VA12A 
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PIN CONFIGURATIONS 


FA and N Packages 


N = Plastic DIP (300mil-wide) 
FA = Ceramic DIP with Quartz Window (300mil-wide) 


A Package 


Bo Bt GNDNC I9/ MO M1 
OE 


A = Plastic Leaded Chip Carrier (450mil-square) 


853-1414 06120 
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CMOS programmable multi-function PLD 


(42 x 105 x 12) 


LOGIC DIAGRAM 
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Product specification 


CMOS programmable multi-function PLD 
(42 x 105 x 12) 


PLC42VA12. 


ABSOLUTE MAXIMUM RATINGS" 


SYMBOL PARAMETER 
Input voltage -0.5 to Voc +0.5 


Tin | puteurons =O etm 
[Taw | Operiogronpoaurorege | dws +f 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


AC TEST CONDITIONS 


INPUTS , 


NOTE: 
Cy and Co are to bypass Voc to GND. 


Test Load Circuit 
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THERMAL RATINGS 
_ TEMPERATURE > 


VOLTAGE WAVEFORMS 


MEASUREMENTS: 
All crcut detays are measured at the +1.5V level — 
of inputs and outputs. unless otherwise specified. 


Input Pulses 


Philips Semiconductors—Signetics Programmable Logic Devices Product specificatior 
; 


CMOS programmable multi-function PLD 


(42 x 105 x 12) PLC42VA12 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tam $+75°C, 4.75V $ Voc $5.25V | 


| 3 LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN | TYP' | MAX | UNIT 


input voltage | 
va [tw OSSS™C~—C~SSC~“‘CeWN Cd TC*dSSCisSTSV 
a SO 
Output voltage? 

vo [tow SS~*~*~dSC*“C*~‘ egg =A CdC*dSSS TBS 
rE 


Input current 


(T< 


a a  O 
CS SS EE 
Output current 

Vout = V 
SS Sc 2 OT 
Toor | Voc supply curent (Actvey® | lour=0mA,t=15MHZ®,Voo=WAX | | 90 | 120 | _mA 
F loce | Voc supply curent (Active)® | Iour=OmA, t= 15MHZ®,Voo=MAX [|__| 70 | 100 | _mA 
Capacitance 
of int SSC*dCSC*(“‘C GO SWw=VO]CdSCOSSSC~*~«idSCia 
Ca Va = 2.0V [Saas (i eae, eee 


; 


. All typical values are at Voc = 5V. Tan = +25°C. 
. All voltage values are with respect to network ground terminal. 
. Duration of short-circuit should not exceed one second. Test one at a time. 
. Tested with Vi. = 0.45V, Viy = 2.4V. 
. Tested with Vy = OV, Vin = Vcc. 
. Refer to Figure 1, Alcc vs Frequency (worst case). (Referenced from 15MHz) 
The Icc increases by 1.5mA per MHz for the frequency range of 16MHz up to 25MHz. 
The Icc remains at a worst case for the frequency range of 26MHz up to 37MHz. 
The Icc decreases by 1.0mA per MHz for the frequency range of 14MHz down to 1MHz. 
The worst case Icc is calculated as follows: 
— All dedicated inputs are switching. = 
— All OMCs are configured as JK flip-flops in the toggle mode. . .all are toggling. 
— All 12 outputs are disabled. 
— The number of product terms connected does not impact the Icc. 
. Refer to Figure 2 for Atpp vs output capacitance loading. 


Nee 


~J 


Aicetma) 
+ 
°o nn 
At ppins) 


ho & 


cs 
= 
Lo 
= 
bo 
eal 
ie 
he) 
El 


La 
a 
Es 
La! 
= 
ae 
vA 
cS 
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OUTPUT CAPACITANCE LOADING (pF) 


Figure1. Alcc vs Frequency 


Figure 2. Atpp vs Output 
(Worst Case) (Referenced from 15MHz) 


Capacitance Loading (Typical) 
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CMOS programmable multi-function PLD } 
(42 x 105 x 12) PLC42VA12 


AC ELECTRICAL CHARACTERISTICS 
O°C < Tamb S$ +75°C, 4.75V < Voc $ 5.25V; Ry = 2380, Re = 1702 ef 


. TEST? PLC42VA12_ 
SYMBOL - PARAMETER TO cable TYP UNIT 
(Ci (PF)) 


Set-up Time 


Input; dedicated clock (1, B, M) +/— 

Input; P-term clock (1, B, M) +/— | (1, B, M) +/- 

Preloadi dodicatod dock 
K+ 


_ 
o 


Preload; P-term clock (I, B, M) +/— 


C 
Input through complement array; 
dedicated clock (1, B, M) +/— C 


HL belay complement array; (1B. M)+/- | (1B, M)4/— 


Propagation Delay 
Propagation Delay (I, B, M) +/— | (I, B, M) +/— 


Propagation Delay with complement 
Poe array (2 passes) (I, B,) +/— (I, B, M) +/- 


tcKo1 Clock to Output; Dedicated clock (M) +/— 
tcxo2 Clock to output; P-term clock (1, B, M) +/- (M) +/— 


Registered operating period; 

Dedicated clock (tis; + tcexo1) (1, B, M) +/- (M) +/— 
Registered operating period; | 

P-term clock (tiso + texo2) (1, B, M) +/- a 
Register preload operating period; 

Dedicated clock (tis3 + texo1) (M) +/- (M) +/— 
Register preload operating period; 

P-term clock (tisa + teKo2) (M) +/- (M) +/- 
Registered operating period with comple- 

ment array; dedicated clock (tiss + texo3) Ed Mahe 
Registered operating period with 

complement array; P-term clock (?, B, M) +/- (M) +/— 
(tise + texo2) 


Output Enable; from /OE pin* | OE- | (M+ | 
tog? Output Enable; from P-term* (B, M) +/— 


Output Disable; from /OE pin* er al 
Output Disable; from P-term* (1, B, M) + aa fae 


2 


—_ 
~J 


oN 


bo | 


[o] oO the hs No] — 
N N N“N a i | 


= TEs 

tppr® Power-on Reset (Mn = 1) 

Hold Time | | 
| tui | Input (Dedicated clock) | Ke LBM | 50 | Oo | -13 | ns 
| tne | Inpur(Ptermclocky BM TBM [50 | S| 75 | | ns 
[ wa? [Input fom Ma (Deicatedeock) | oxe fa [so fs fs | [| 
(emer { me [50 {10 | 35 | | ons 

Pulse Width ao 
| toxu1 | ClockHigh; Dedicatedclock | Ke =] cK | to | 5 | ns 
| tox | Clock Low; Dedicatedclock | = CK- | cK- | | to | 5 | ns 
Ttoxwe [GlookighiPrerm took OKT eT Ow Po 
| toxr2 | ClockLow;P-termeiock | CK- TK oT | ts | 7] | ns 
Width of preset/reset input pulse (I, B, M) +— a ee ee ee Ge 


Notes on page 332. 
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CMOS programmable multi-function PLD 


pipet ees PLC42VA12 


AC ELECTRICAL CHARACTERISTICS (Continued) 
0°C < Tamb S$ +75°C, 4.75V < Voc $ 5.25V; Ry = 238, Re = 1700 


Frequency of Operation 


TEST? 
CONDITION 
(Ci (PF) 


PLC42VA12 


Dedicatodcocktreqvency [or | c | 80 | 60 | 100 | | Maz | 
| foxe __| P-term clock frequency pce Tt ta | Me 
Registered operating frequency; i: _ H 
F tuaxs Dedicated clock (tis + tcxo1) ic ell ae ee sual 
Registered operating frequency; ms _ 
tue | P-term clock (tiso + texo2) (I, B, M) + (M) +/ me 
Register preload operating 
frequency; Dedicated clock (M) +/- (M) +/- 37 
(tiss + texo1) ; 
Register preload operating 
frequency; P-term clock (M) +/- (M) +/- 58.8 MHz 
(tisa + texoe) 
Registered operating frequency 
with complement array; (J, B, M) +/— (M) +/— 
Dedicated clock (tiss + texo1) 
Registered operating frequency 
with complement array; ' (1, B, M) +/- (M) +/— 
P-term clock (tisg + tcexo2) 
NOTES: 
1. All typical values are at Voc = 5V, Tam = +25°C. These limits are not tested/guaranteed. 
2. Refer also to AC Test Conditions (Test Load Circuit). 
3. These limits are not tested, but are characterized periodically and are guaranteed by design. 
4. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 


dosed for highimpedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vz = (Vo — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 


BLOCK DIAGRAM 


65 X 105 peers AND ARRAY 


| 
| 
| 
l 41 CONTROL TERMS 
| 
| 
| 
| 


COMPLEMENT 


64 X32 
PROGRAMMABLE 
OR ARRAY 
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PLC42VA12 


OUTPUT MACRO CELL (OMC) 


Fo CONTROL 


FROM OR ARRAY 


TO AND ARRAY 


TO AND ARRAY 


Output Macro Cell Configuration 
Signetics unique Output Macro Cell design 
represents a significant advancement in the 
configurability of multi-function Programmable 
Logic Devices. © 


The PLC42VA12 has 10 programmable 
Output Macro Cells. Each can be individually 
programmed in any of 5 basic configurations: 
© Dedicated I/O (combinatorial) with 
feedback to AND array 


© Dedicated Input 


® Combinatorial I/O with feedback and 
Buried Register with feedback (register 
bypass) 


@ Registered Input 
e Registered Output with feedback 


Each of the registered options can be further 
customized as J-K type or D-type, with either 
an internally derived clock (from the AND 
array) or clocked from an external source. 
With these additional programmable options, 
itis possible to program each Output Macro 
Cell in any one of 14 different configurations. 


March 18, 1992 


FROM AND ARRAY 


LOAD PRESET RESET 


SELECT 
MUX 
® 


These 14 configurations, combined with the 
fully programmable OR array, make the 
PLC42VA12 the most versatile and silicon 
efficient of all the Output Macro Cell-type 
PLDs. 


The most significant Output Macro Cell 
(OMC) feature is the implementation of the 
register bypass function. Any of the 10 J-K/D 
registers can be individually bypassed, thus 
creating a combinatorial I/O path from the 
AND array to the output pin. Unlike other 
Output Macro CelHtype devices, the register 
in the OMC is. fully functional as a buried 
register. Furthermore, both the combinatorial 
I/O and the buned register have separate 
input paths (from the AND array) and 
separate feedback paths (to the AND array). 
This feature provides the capability to operate 
the buried register independently from the 
combinatorial I/O. 


The PLC42VA12 is ideally suited for both 
synchronous and asynchronous logic 
functions. Eleven clock sources — 10 driven 
from the AND array and one from an external 


333 


| | OE 


SuinGt enastel 
cLocK® SELECT MUX 


source — make it possible to design 
synchronous state machine functions, 
event-driven state machine functions and 
combinatorial (asynchronous) functions all on 
the same chip. 


Sophisticated control functions support 
individual OE control and Reset functions 
from the AND array. OE control is also 
available from the I9/OE pin. Register Preset 
and Load functions are controlled from the 
AND array, in 2 banks of 4 for OMCs M1 — 
M8. Output Macro Cells MO and M9 have 
individual Preset and Load Control terms. 


Output Polarity for the combinatorial /O 

paths is configurable via 12 programmable 
EX-OR gates. The output of each register 
can be configured as inverting (active Low) or 
non-inverting (active High) via manipulation of 
the logic equations. 


The output of each buried register can also 
be configured as inverting or non-inverting via 
the input buffer which feeds back to the AND 
array. 


Philips Semiconductors—Signetics Programmable Logic Devices 


Product specification 


CMOS programmable multi-function PLD 
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PLC42VA12 


OUTPUT MACRO CELL PROGRAMMABLE OPTIONS 


OUTPUT MACRO CELL 


REGISTER CLOCK OPTIONS 
SELECT 


OPTIONS 


OMC OUTPUT ENABLE 
CONFIGURATION CONTROL 
OPTIONS OPTIONS 


r 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


ARCHITECTURAL OPTIONS 
REGISTER SELECT OPTIONS 


FROM 
AND ARRAY 


REGISTER MODE (D or JK) | CODE | 
Fo CONTROL P-TERM 


OUTPUT 
CONTROL 
OPTIONS 


Notes on page 339. 
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OMC Programmable Options 

For purposes of programming, the Output 
Macro Cell should be considered to be 
partitioned into five separate blocks. As 
shown in the drawing titled “Output Macro Cell 
Programmable Options’, the programmable 
blocks are: Register Select Options, Polarity 
Options, Clock Options, OMC Configuration 
Options and Output Enable Control Options. 


There is one programmable location 
associated with each block except the Output 
Enable Control block which has two 
programmable fuse locations per OMC. 


The following drawings detail the options 
associated with each programmable block. 
The associated programming codes are also 
included. The table titled “Output Macro Cell 
Configurations” (page 3339) lists all the 
possible combinations of the five 
programmable options. 


Register Select Options 

Each OMC Register can be configured either 
as a dedicated D-type or a J-K flip-flop. The 
Flip-Flop Control term, Fc, provides the 
option to control each Register : 
dynamically—switching from D-type to J-K 
type, based on the Fe control signal. 


Register Preset and Reset are controlled 
from the AND array. Each OMC has an. 
individual Reset Control term (RMn). The 
Register Preset function is controlled in two 
banks of 4 for OMCs M1 — M3 and M4 — M8 
(via the control terms PA and PB). OMCs MO 
and M9 have individual control terms (PMO 
and PM9 respectively). 
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REGISTER SELECT OPTIONS (Continued) 


FROM FR 
AND ARRAY e AND ARRAY 


= 


Fo = HIGH 


e 
Fo =LOW 


POLARITY OPTIONS (for Combinatorial /O Configurations Only’) 


FROM 

OR sears © »| ONC CONFIG. OUTPUT SELECT o 
. a 
| ACTIVE-HIGH (NONINVERTING 


FROM: 
: pou | came 
ACTIVE-LOW (INVERTING) =| 1! | 


CLOCK OPTIONS 


REGISTER SELECT OPTIONS 


irom 


D (OR J) CK<] 
FROM 
OR ARRAY 
>- (K) Q 
TO 
pI 


AND ARRAY 


REGISTER SELECT OPTIONS 


Fora 


D (OR J) CK<j 
FROM 
OR ARRAY 
>-- 4m Q 
ay ——] 


OmMC 
CONFIG. 
OPTIONS 


AND ARRAY 


Notes on page 339. 
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OUTPUT 
CONTROL 


REGISTER MODE (D or JK) 
DYNAMICALLY CONTROLLABLE 


Fo CONTROL P-TERM 


Polarity Options 

When an OMC is configured as a 
Combinatorial I/O with Buried Register, the 
polarity of the combinatorial path can be 
programmed as Active-High or Active-Low. A 
configurable EX-OR gate provides polarity 
control. 


If an OMC is configured as a Registered 
Output, /Q is propagated to the output pin. 
Note that either Q or /Q can be fedback to 
the AND array by manipulating the feedback 
logic equations. (TRUE or COMPLEMENT). 


Clock Options 

In the unprogrammed state, all Output Macro 
Cell clock sources are connected to the 
External Clock pin (lp/CLK pin 1). Each OMC 
can be individually programmed such that its 
P-term Clock (CK,) is enabled, thus disabling 
it from the External Clock and providing 
event-driven clocking capability. 


This feature supports multiple state machines, 
clocked at several different rates, all on one 
chip, or the ability to collect large amounts of 
random logic, including 10 separately clocked 
flip-flops. . 
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OUTPUT MACRO CELL CONFIGURATION OPTIONS 


REGISTER SELECT OPTIONS 


REGISTER SELECT OPTIONS | 


FROM 
OR ARRAY 


TO 
AND ARRAY 


OMC CONFIGURATION | CODE | 
REGISTERED OUTPUT ae 


(D or JK) 

OMC Configuration Options 
Each OMC can be configured as a Registered 
Output with feedback, a Registered Input or a 
Combinatorial I/O with Buried Register. 
Dedicated Input and dedicated I/O 
configurations are also possible. 


When the Combinatorial I/O option is selected, 
(the Register Bypass option), the Buried 
Register remains 100% functional, with its 
own inputs from the AND array and a separate 
feedback path. This unique feature is ideal for 
designing any type of state machine; 
synchronous Mealy-types that require both 
Buried and Output Registers, or asynchronous 
Mealy-types that require buried registers and 
combinatorial output functions. Both 
synchronous and asynchronous Moore-type 
State machines can also be easily 
accommodated with the flexible OMC 
structure. 


OMC CONFIGURATION | CODE | 
REGISTERED INPUT | Aor®® | 


LOAD CONTROL P-TERM 


Notes on page 339. 
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OUTPUT 
CONTROL 


OMC CONFIGURATION 


COMBINATORIAL OUTPUT 
WITH BURIED REGISTER | 


(D or JK) 


Note that an OMC can be configured as 
either a Combinatorial I/O (with Buried 
Register) or a Registered Output with 
feedback and it can still be used as a 
Registered Input. By disabling the outputs via 
any OE control function, the M pin can be 
used as an input. When the Load Control 
P-term is asserted HIGH, the register is 
preloaded from the M pin(s). When the Lz 
P-term is Active-Low and the outputis 
enabled, the OMC will again function as 
configured (either a combinatorial I/O or a 
registered output with feedback). This feature 
is suited for synchronizing input signals prior 
to commencing a state sequence. 
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CMOS programmable multi-function PLD : | 
(42 x 105 x 12) PLO42VA12 


OUTPUT CONTROL OPTIONS Output Enable Control Options © 

; Similar to the Clock Options, the Output 
Enable Control for each OMC can be 
connected either to an external source 
(I9/OE, pin 13) or controlled from the AND 
array (P-terms DM,). Each Output can also 
be permanently enabled. 


Output Enable control for the two 
bi-directional I/O (B pins 10 and 11) is from 
the AND array only (P-terms DBO and DB1 
respectively). 


AND ARRAY 


[orcommmocrise | coos] [_enme | cove 
[rowocew | a | [_rmomoerw | a 


AND ARRAY 


a | FROM P-TERM CONTROL | CONTROL ee P-TERM 


COMPLEMENT ARRAY DETAIL Complement Array Detail 

The complement array is a special sequencer 
feature that is often used for detecting illegal 
States. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 


Pes Per Pereeee 1 Pe Fe Umeee Pay RM, minimum number of product terms. 


‘The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A* /B * /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 


Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
TO OR ARRAY used in turn to preset the state machine to 

| known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, such an approach 
can be prohibitive, both in terms of time and 
Notes on page 339. wasted resources. 
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LOGIC PROGRAMMING CUPL also accept, as input, schematic To implement the desired logic functions, thi 
The PLC42VA12 is fully supported by capture format. | : state of each logic variable from logic 
industry standard (JEDEC compatible) PLD PLC42VA12 logic designs can also be equations (I, B, O, P, etc.) is assigned a 
CAD tools, including Signetics SLICE and generated using the program table entry symbol. The symbols for TRUE, 
SNAP design software packages. ABEL™ . . . . COMPLEMENT, INACTIVE, PRESET, etc., 
; format, which is detailed on the following 
and CUPL™ design software packages also ; } are defined below. Symbols for OMC 
y pages. This program table entry format is : : 
support the PLC42VA12 architecture. configuration have been previously defined 
supported by SNAP and SLICE only. The : : : 
: the Architectural Options section. 
All packages allow Boolean and state SLICE design package is available, free of 
equation entry formats. SNAP, ABEL and charge, to qualified users. 
LOGIC IMPLEMENTATION 


“AND” ARRAY - (1), (B), (Qp) 


(T, Fo, L P, R, Oy 


[sare] 600k | 


(T, Fc, L P, R, Dip 


[sare | e008 | 
[wowreane [= 


(Tr Fe) 


GENERATE 


(Tn: Fo) 


PROPAGATE 


M = DISABLED \ / 
> 


[estarus | cone 
[—acnvet [a 


Notes on page 339. 


Ta Status | CODE | 
acTIVE(seT) | A | 


Ty STATUS 
INACTIVE (RESET) 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices, Inc. 
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LOGIC IMPLEMENTATION (Continued) 
OUTPUT MACRO CELL CONFIGURATIONS 


PROGRAMMING CODES 


- OUTPUT MACRO CELL 


REGISTER SELECT OMC CONFIGURATION POLARITY CLOCK 
CONFIGURATION . FUSE _ FUSE FUSE FUSE 


Combinatorial /O with Buried D-type register 


External clock source — HorL 
P-term clock source — . Horl . 


Combinatorial /O with Buried J-K type register _—_ 


External clock source HorL 
P-term clock source HorL 


Registered Output (D-type) with feedback 


External clock source A N/A 
P-term clock source | A N/A 


Registered Output (J-K type) with feedback 
External clock source A N/A 

romeo | es | | mT 
Registered Input (Clocked Preload) with feedback 


External clock source. A or @ Optional® 
P-term clock source ~Aored Optional 


OUTPUT CONTROL FUSES 


: 8 
ai ahr eater al OE CONTROL FUSE En FUSES 
OMC controlled by /OE pin 


Output Enabled 
Output Disabled © 


ONC controlled by P-term 
Output Enabled 
Output Disabled 


ae hae 
~ 
Output always Enabled aa Saas 
NOTES: “a 


1. This is the initial (unprogrammed) state of the device. 

2. Any gate will be unconditionally inhibited if both the TRUE and COMPLEMENT fuses are left intact. 

3. To prevent oscillations, this state is not allowed for Complement Array fuse pairs that are coupled to active product terms. 

4. The OMC Configuration fuse must be programmed as Combinatonal I/O in order to make use of the Polarity Option. 

5. Regardless of the programmed state of the OMC Configuration fuse, an OMC can be used as a Registered Input. Note that the Load Control 
P-term must be asserted Active-High. 

6. Output must be disabled. 

7. Program code definitions: 


A = Active (unprogrammed fuse) 

0, ® = Inactive (programmed fuse) 

- = Don't Care (both TRUE and COMPLEMENT fuses unprogrammed) 
H = Active-High connection 

L = Active-Low connection 


8. OE control for BO and B1 (Pins 10 and 11) is from the AND array only. 
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TIMING DIAGRAMS TIMING DEFINITIONS 
PARAMETER 


Clock Frequency; External Clock 
Clock Frequency; P-term Clock 


tc Width of Input Clock Pulse; 
KH1 | External Clock 
is Width of Input Clock Pulse; 
KH2 | P-term Clock 
Interval between Clock pulses; 
'ckL1 | External Clock 
Interval between Clock Pulses; 
ickt2 | P-term Clock 


Delay between the Positive 
tcxo1 | Transition of External Clock and 


P-TERM CK 
(i, B, M) 


M 
(OUTPUTS) 


t 
RP2,6 when M Outputs become valid. 


Delay between the Positive 
tcxo2 | Transition of P-term Clock and 
when M Outputs become valid. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using 
External Clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using P-term 
Clock. 


Delay between beginning of Valid 
Input and when the M outputs 

| become Valid when using 
Preload Inputs (from M pins) and 
External Clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become valid when using Preload 
inputs (from M pins) and P-term 
Clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using Com- 
plement Array and External clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using Com- 
plement Array and P-term Clock. 


Minimum guaranteed Operating 
Frequency; Dedicated Clock 
Minimum guaranteed Operating 
Frequency; P-term Clock 


Minimum guaranteed Operating 


Frequency using Preload; 
Dedicated Clock (M pin to M pin) 


Minimum guaranteed Operating 
Frequency using Preload; P-term 
Clock (M pin to M pin) 


Minimum guaranteed Operating 
Frequency using Complement 
Array; Dedicated Clock 


Minimum Operating Frequency 
using Complement Array; P-term 
Clock 


Required delay between positive 
ty transition of External Clock and 
end of valid input data. 


1, B, M, OE TERMOR 
OE PIN 


1.5V 
(OUTPUT ENABLE) 


ee 


Flip-Flop Outputs with P-term Clock 


M 
(OUTPUTS) 


tRP1,5 
i, B, M, OE TERM 
OR OE 


PIN 1.5V 
(OUTPUT ENABLE) 


a ae au au ae aa ou a ae 


Flip-Flop Outputs with External Clock 


B, M 
(COMBINATORIAL 
OUTPUTS) 


1, B, M, OE TERM 
OR OE PIN 
(OUTPUT ENABLE) 


Gated Outputs 
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i,B 
(LOAD SELECT) 


- |, B, OE TERM OR OE PIN 
(OUTPUT ENABLE) 


M 
(INPUT) 


P-TERM OR 
EXTERNAL CK 


TIMING DIAGRAMS (Continued) 


K 
4H3,4 


1, B, M 
(INPUTS) 
P-TERM OR 


EXTERNAL CK 


PRESET/RESET 
(1, B, M INPUTS) 


(OUTPUTS) 


Flip-Flop Input Mode (Preload) 


~ 
IW 1.5V 
' ts 


tCKO 


(PRESET) 
RESET) 


‘PRO 
(RESET) 


15V X (PRESET) 


*Preset and Reset functions override Clock. However, M outputs may glitch 
with the first positive Clock Edge if tg cannot be guaranteed by the user. 


M 
(OUTPUTS) 


,8,M 
(INPUTS) 


P-TERM OR 
EXTERNAL CK 
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Asynchronous Preset/Reset 


OV 


1.5V 


tCKL 
CK1,2 


Power-On Reset 
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TIMING DEFINITIONS (Continued) 


SYMBOL PARAMETER 


Required delay between positive 
tiy2 ‘| transition of P-term Clock and 
end of valid input data. 


Required delay between positive 
transition of External Clock and 

end of valid input data when us- 
ing Preload Inputs (from M pins). 


Required delay between positive 
transition of P-term Clock and 

end of valid input data when us- 
ing Preload Inputs (from M pins). 


Required deiay between begin- 
ning of valid input and positive 
transition of External Clock. 


Required delay between begin- 
ning of valid input and positive 
transition of P-term Clock input. 


Required delay between 
beginning of valid Preload input 
(from M pins) and positive 

transition of Extemal Clock. 


Required delay between 
beginning of valid Preload input 
(from M pins) and positive 

transition of P-term Clock input. 
Required delay between 
beginning of valid input through 
Complement Array and positive 
transition of External Clock. 


tis 


Required delay between 
beginning of valid input through 
Complement Array and positive 
transition of P-term Clock input. 


Delay between beginning of 
Output Enable signal (Low) from 
/OE pin and when Outputs 

| become valid. | 


Delay between beginning of 
Output Enable signal (High or 

Low) from OE P-term and when 
Outputs become valid. 


Delay between beginning of 
Output Enable signal (HIGH) from 
/OE pin and when Outputs 

become disabled. 


Delay between beginning of 
Output Enable signal (High or 

Low) from O€ P-term and when 
Outputs become disabled. 


Delay between beginning of valid 
| input and when the Outputs be- 


Delay between beginning of valid 
Preset/Reset Input and when the 
| registered Outputs become 

Preset (°1°) or Reset (°0’). 


Delay between Voc (after 
power-up) and when flip-flops 
become Reset to “0°. Note: Signal | 
at Output (M pin) will be inverted. 
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LOGIC FUNCTION 


Qo G2 Qi Qo 


[+ To] + Jo] (sn) eresenr stare 


STATE REGISTER A-B°C>... 


PTeTe Lt] Gs) versare 


SET Qo: do = (Gig ‘ Qy° Gp) A° BC... 


Ko =0 


RESET Q,: J, =0 
Ky =(Q3°G°Qy°Gg) ABC... 


HOLD Qo: Jo =0 
Kg=0 


RESET Q3: Jg = (Q3 * Go - Qy - Gp) ° A- 
A 


B-c... 
Kg = (Qg * Gig + Qy- Ug) AB 


°C... 


NOTE: 
Similar logic functions are applicable for D 
mode flip-flops. 


FLIP-FLOP TRUTH TABLE 


X = Don't care 

* = Forced at M, pin for loading the J-K 

flip-flop in the Input mode. The load 

control term, L, must be enabled (HIGH) 

and the p-terms that are connected to the 

associated flip-flop must be forced LOW 

(disabled) during Preload. 

5. AtP =R=H, Q=H. The final state of Q 
depends on which is released first. 

6. ** = Forced at F, pin to load J/K flip-flop 

(Diagnostic mode). 


2. 
3. 
4. 
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PLC42VA12 UNPROGRAMMED 


STATE 

A factory shipped unprogrammed device is 
configured such that all cells are ina 
conductive state. 


The following are: 
ACTIVE: 
— OR array logic terms 
— Output Macro Cells M1 — M8; 

e D-type registered outputs (D = 0) 
— External clock path . 
— Inputs: BO, Bi, MO, M9 


INACTIVE: 
— AND array logic and control terms (except 
flip-flop mode control term, Fc) 


— Bidirectional I/O (BO, B1); 
e Inputs are active. Outputs are 3-Stated 
via the OE P-terms, DO and D1. 
e D-type registers (D = 0). 
~ Output Macro Cells MO and MQ; 
e Bidirectional !/O, 3-Stated via the OE 


_ P-terms, DMO and DMS. The inputs are 
active. 


— P-term clocks 
— Complement Array 
— J-K Flip-Flop mode 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 


The erasure characteristics of the 
PLC42VA12 devices are such that erasure 
begins to occur upon exposure to light with 
wavelength shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000 — 4000A 
range. Data shows that constant exposure to 
room level fluorescent lighting could erase a 
typical PLC42VA12 in approximately three 
years, while it would take approximately one 
week to cause erasure when exposed to 
direct sunlight. If the PLC42VA12 is to be 
exposed to these types of lighting conditions 
for extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 
PLC42VA12 is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 
15Wsec/cm?2. The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,000,1,W/cm?2 power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 7258Wsec/cm? 
(1 week @ 12000u.W/cm2). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. : 


The maximum number of guaranteed 
erase/write cycles is 50. Data retentions 
exceeds 20 years. 
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OUTPUT ENABLE CONTROL 


FIXED OR CONTROLLED 
CONTROLLED FROM PIN 
OR ARRAY 
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PLC42VA12I 
(Industrial) 


DESCRIPTION 

The new PLC42VA12I CMOS PLD from 
Signetics exhibits a unique combination of 
the two architectural concepts that 
revolutionized the PLD marketplace. 


The Signetics unique Output Macro Cell 
(OMC) embodies all the advantages and 
none of the disadvantages associated with 
the “V" type Output Macro Cell devices. This 
new design, combined with added 
functionality of two programmable arrays, 
represents a significant advancement in the 
configurability and efficiency of multi-function 
PLDs. 


The most significant improvement in the 
Output Macro Cell structure is the 
implementation of the register bypass 
function. Any of the 10 J-K/D registers can be 
individually bypassed, thus creating a 
combinatorial I/O path from the AND array to 
the output pin. Unlike other “V” type devices, 
the register in the PLC42VA12I Macro Cell 
remains fully functional as a buried register. 
Both the combinatorial I/O and buried register 
have separate input paths (from the AND 
array). In most V-type architectures, the 
register is lost as a resource when the cell is 
configured as a combinatorial I/O. This 
feature provides the capability to operate the 
buried register independently from the 
combinatorial I/O. 


The PLC42VA12I is an EPROM-based 
CMOS device. Designs can be generated 
using Signetics SNAP and SLICE PLD 
design software packages or one of several 
other commercially available JEDEC 
standard PLD design software packages. 


ORDERING INFORMATION 


FEATURES 


® Industrial temperature range 
EPROWM-based CMOS multi-function PLD 
— -—40°C to +85°C (10% power supplies) 
® Super set of 22V10, 32VX10 and 20RA10 
PAL® ICs 
© Two fully programmable arrays eliminate 
"P-term Depletion” 
— Up to 64 P-terms per OR function 
© |mproved Output Macro Cell Structure 
— Indmidually programmable as: 
* Registered Output with feedback 
* Registered Input 
* Combinatorial I/O with Buried Register 
* Dedicated I/O with feedback 
* Dedicated Input (combinatorial) 
- Bypassed Registers are 100% functional 
with separate input and feedback paths 


- Individual Output Enable control 
functons 


* From pin or AND array 
® Reprogrammable—tested 100% for 
programmability 
@ Eleven clock sources 


© Register Preload and Diagnostic Test Mode 
Features 


® Security fuse 


APPLICATIONS 
© Mealy or Moore State Machines 
— Synchronous 
- Asynchronous 
® Multiple, independent State Machines 
® 10-bit pple cascade 
® Sequence recognition 
® Bus Protocol generation 
@ |ndustrial control 
@ A/D Scanning 


Reprogrammable (300mil-wide) 
One Time Programmable (300mil-wide) 


One Time Programmable (450mil-wide) 


PAL is a registered trademark of Advanced Micro Devices, Inc. 
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DESCRIPTION 
24-Pin Ceramic Dual In-Line with window, Industrial Temperature Range. 


24-Pin Plastic Dual In-Line, Industrial Temperature Range, 


28-Pin Plastic Leaded Chip Carrier, Industrial Temperature Range, 


345 


ORDER CODE 


PLCO42VA12IFA 
PLCO42VA12IN 
PLC42VA12IA 


PIN CONFIGURATIONS 


FA and N Packages 


BEERE § & & 


N = Plastic DIP (300mil-wide) 
FA = Ceramic DIP with Quartz Window (300mil-wide) 


A Package 


lo/ 
12 11 CLKNIC Vop M9 


A = Plastic Leaded Chip Carrier (450mil-square) 


Preliminary specification 


PLO42VA12I 
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LOGIC DIAGRAM (Continued) 
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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 
TEMPERATURE 


SYMBOL PARAMETER RATINGS UNIT 
Input voltage ~—0.5 to Voc +0.5 
Tam 


5° 


Allowable thermal rise 
ambient to junction 


| Vbc | 
a 


Storage temperature range 65 to +150 | 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


AC TEST CONDITIONS | VOLTAGE WAVEFORMS 


OUTPUTS 


MEASUREMENTS: 
All cect delays are measured at the +1.5V level 
of inputs ard outputs, unless otherwise specified. 


NOTE: 
Cy and Co are to bypass Vcc to GND. 


Test Load Circuit 


input Pulses 
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DC ELECTRICAL CHARACTERISTICS 
—40°C < Tam S$ +85°C, 4.5V < Voc < 5.5V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN | TYPt = | MAX | UNIT 


input voltage 


Pv [tow SSSC~dSC“‘S;S™SCec=WINS CY OS TCC 

Ce | Hoh SiC MAX | «|S S*d Me | 

Output voltage? 

A 

Vow | Hh SSC*dSCSCMe = MINT =-S.2mA—s«Y =| TCC 

Input current 

A 
High CS A 


Output current 


Vout = Vcc 


PS 
[Vos supply curent (Acive | Tour = Om, f= 15Mie® Vog=Max |_| | 150] 
3 a en ee 
oe 

eee 


Capacitance 


Voc supply current (Active)® lout = OmA, f = 15MHz°, Voc = MAX 


, Voc = 5V; Vin = 2.0V 
Vg = 2.0V 
NOTES: 


. All typical values are at Voc = 5V. Tamb = +25°C. 
. All voltage values are with respect to network ground terminal. 
. Duration of short-circuit should not exceed one second. Test one at a time. 
. Tested with Vi_ = 0.45V, Viyq = 2.4V. 
. Tested with Vi_ = OV, Vin = Voc. 
. Refer to Figure 1, Alcg vs Frequency (worst case). (Referenced from 15MHz) 
The Icc increases by 1.5mA per MHz for the frequency range of 16MHz up to 25MHz. 
The Icc remains at a worst case for the frequency range of 26MHz up to 37MHz. 
The Icg decreases by 1.0mA per MHz for the frequency range of 14MHz down to 1MHz. 
The worst case Icc¢ is calculated as follows: 
— All dedicated inputs are switching. : 
— All OMCs are configured as JK flip-flops in the toggle mode. . .all are toggling. 
— All 12 outputs are disabled. 
— The number of product terms connected does not impact the Icc. 
. Refer to Figure 2 for Atpp vs output capacitance loading. 


Oo 
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r 
pad 


Ooh Wh — 


N 


< 
E 
rs) 
= 
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At pp(ns) 


a5 
ane 
nue 
Hag 
eae 
wine 
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A 


0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Figure1. Alcc vs Frequency 
(Worst Case) (Referenced from 15MHz) 


Figure 2. Atpp vs Output 
Capacitance Loading (Typical) 
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AC ELECTRICAL CHARACTERISTICS 
40°C < Tamp $ +85°C, 4.5V < Voc $ 5.5V; R; = 238, Ro = 1702 


SYMBOL | PARAMETER | | To 


PLC42VA12I 
UNIT 


aad fied Coal 


N 


Registered operating period; 

Dedicated clock (tis: + toxor) eer, Erin, : 
Registered operating period; 

P-term clock (tiso + texo2) (1, B, M) +/— (M) +/- 

Register preload operating period; 

Dedicated clock (tiga + texo1) AMyeise 3) AM) ae 
Register preload operating period; | 

P-term clock (tis4 + texo2) (M) +/— (M) +/— 
Registered operating period with comple- 

ment array; dedicated clock (tigs + texo1) | (! 8 M) + (M) +/— 
Registered operating period with 

complement array; P-term clock (1, B, M) +/— (M) +/— 
(tise + tcxo2) : 

Output Enable; from /OE pin* | OE- (M) +/— 
Output Enable; from P-term4 (1,B,M)+/— | (B, M) 4/— 


. ; Outputs dis- 
; 4 
Output Disable; from /OE pin abled 
CK+ 


Set-up Time 
Tis: | Inputs dedicated clock (Buen, o~ | © | |] 6] | m | 
tse | Input P-torm clock came so | | 3 | | os | 
|_tsg?__| Preload; dedicated clock Pome [cK | | tf | ns 
isi | Pretoad: P-torm clock (aM f so [| 2 |-10] | os | 
Input through complement array; 
pts dedicated clock Se a 
[or [Faia ow wwe] = fele> [= 
Propagation Delay 
Propagation Delay LeMr[uaMee] 9 | | 0] 3 | 
Propagation Delay with complement 
tep2 array (2 passes) (I, B,) +/— (I, B, M) +/— 
tcxo1 Clock to Output; Dedicated clock (M) +/— 50 Po dey deo ag | 
tcKo2 Clock to output; P-term clock (I, B, M) +/— ae oe ee 
M 


7 


pss 
“J 
[°2) 
N 


[o2) i) > 


© 


125 


o 


Outputs dis- 
4 
Output Disable; from P-term (1, B, M) +/— 


was? | Presetio Oust ————SS~*dC 
3 


Power-on Reset (Mn = 1) (M) +/—. 
Hold Time 


tina | Input (Dedicated clock) Po OK (t, B, M) +/- 
tine Input (P-term clock) (1, B, M) +/— | (I, B, M) +/- 


ol 
a 
N|[~|~ wo) ts lL rs 
loalal|@ 


tn 50 
Tou [Clock High: Dedicated dock OK «KCC 
50 
50 
Notes on page 352. 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


40°C < Tamb < +85°C, 4.5V < Voc $ 5.5V; Ry = 238Q, Ro = 1700 
PLC42VA12I 
CONDITION 


1 
Soc 


Frequency of Operation 


Dedicated clock frequency | Ce 
P-term clock Fequency oe! 


C+ | 50 
C+ | 33 
Registered operating frequency; 
ca Dedicated clock (tis1 + tcxo1) UB, Mya i aes 
Registered operating frequency; 
tae P-term clock (tiso + tcxo2) (I, B, M) +/— (M) +/- 
Register preload operating 
frequency; Dedicated clock (M) +/— (M) +/— 37 
(tiss + texo1) 
Register preload operating 
frequency; P-term clock (M) +/— (M) +/- 58.8 
(tisa + texo2) 
Registered operating frequency . 
with complement array; (I, B, M) +/— (M) +/— 
Dedicated clock (tiss + tcxo1) 
Registered operating frequency 
‘with complement array; (I, B, M) +/— (M) +/- 
P-term clock (tisg + tcxo2) 


1. All typical values are at Voc = 5V, Tamb = +25°C. These limits are not tested/guaranteed. 

2. Refer also to AC Test Conditions (Test Load Circuit). 

3. These limits are not tested, but are characterized periodically and are guaranteed by design. 

4. For 3-State output; output enable times are tested with C, = SOpF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = SpF. High-to-High impedance tests are made to an output 
voltage of Vy = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Voz + 0.5V) level with S,; closed. 


_ TEST? 


PARAMETER 


SYMBOL 


BLOCK DIAGRAM 


65 X 105 PROGRAMMABLE AND ARRAY 


eo 
e 

e 

e 

e 

e 

e 
es 
0 


64 LOGIC TERMS 41 CONTROL TERMS 


COMPLEMENT 


64 X 32 
PROGRAMMABLE 
OR ARRAY 
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OUTPUT MACRO CELL (OMC) 


Fo CONTROL 


FROM OR ARRAY O 


ww, 
TO AND ARRAY 4 


FROM AND ARRAY 
LOAD PRESET RESET 


FROM OR ARRAY Pp S (REGISTER BYPASS) 
eo 


TO AND ARRAY | 


Output Macro Cell Configuration 
Signetics unique Output Macro Cell design 
represents a significant advancement in the 
configurability of multi-function Programmable 
Logic Devices. 


The PLC42VA12I has 10 programmable 
Output Macro Cells. Each can be individually 
programmed in any of 5 basic configurations: 
© Dedicated I/O (combinatorial) with 
_ feedback to AND array 


® Dedicated Input 


® Combinatorial I/O with feedback and 
Buried Register with feedback (register 
bypass) 


@ Registered Input . 
@ Registered Output with feedback 


Each of the registered options can be further 
customized as J-K type or D-type, with either 
an internally derived clock (from the AND 
array) or clocked from an external source. 
With these additional programmable options, 
itis possible to program each Output Macro 
Cell in any one of 14 different configurations. 
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These 14 configurations, combined with the 
fully programmable OR array, make the 
PLC42VA12I the most versatile and silicon 
efficient of all the Output Macro Cell-type 
PLDs. 


The most significant Output Macro Cell 
(OMC) feature is the implementation of the 
register bypass function. Any of the 10 J-K/D 
registers can be individually bypassed, thus 
creating a combinatorial I/O path from the 
AND array to the output pin. Unlike other 
Output Macro Cell-type devices, the register 
in the OMC is fully functional as a buried 
register. Furthermore, both the combinatorial 
\/O and the buried register have separate 
input paths (from the AND array) and 
separate feedback paths (to the AND array). 
This feature provides the capability to operate 
the buried register independently from the 
combinatorial I/O. 


The PLC42VA121 is ideally suited for both 
synchronous and asynchronous logic 
functions. Eleven clock sources — 10 driven 
from the AND array and one from an external 
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source — make it possible to design 
synchronous state machine functions, 
event-driven state machine functions and 
combinatorial! (asynchronous) functions all on 
the same chip. 


Sophisbcated control functions support 
individual OE control and Reset functions 
from the AND array. OE control is also 
avaiable from the 19/OE pin. Register Preset 
and Load functions are controlled from the 
AND array, in 2 banks of 4 for OMCs M1 — 
M8. Output Macro Cells MO and M9 have 
individual Preset and Load Control terms. 


paths is configurable via 12 programmable 
EX-OR gates. The output of each register 
can be configured as inverting (active Low) or 
non-inverting (actve High) via manipulation of 
the logic equations. 

The output of each buned register can also 
be configured as inverting or non-inverting via 
the input buffer which feeds back to the AND 
array. 
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OUTPUT MACRO CELL PROGRAMMABLE OPTIONS OMC Programmable Options 

For purposes of programming, the Output 
Macro Cell should be considered to be 
partitioned into five separate blocks. As 
shown in the drawing titled “Output Macro Cell 
Programmable Options’, the programmable 
grosptios : blocks are: Register Select Options, Polarity 
OPTIONS Options, Clock Options, OMC Configuration 
Options and Output Enable Control Options. 


There is one programmable location 
associated with each block except the Output 
Enable Control block which has two 
programmable fuse locations per OMC. 


The following drawings detail the options 

associated with each programmable block. 

The associated programming codes are also 

included. The table titled “Output Macro Cell 

Configurations” (page 359) lists all the 

possible combinations of the five 
programmable options. 


Ps 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


ARCHITECTURAL OPTIONS 


REGISTER SELECT OPTIONS Register Select Options 


Each OMC Register can be configured ° 
either as.a dedicated D-type or a J-K 
flip-flop. The Flip-Flop Control term, Fe, 
provides the option to control each Register 
dynamically—switching from D-type to J-K 
type, based on the Fc control signal. 


Register Preset and Reset are controlled 
from the AND array. Each OMC has an 
individual Reset Control term (RMn). The 
Register Preset function is controlled in two 


FROM banks of 4 for OMCs M1 — M3 and M4 — M8 
AND ARRAY (via the control terms PA and PB). OMCs MO 
and M9 have individual control terms (PM 
and PM9 respectively). 


OR ARRAY 


FROM 
AND ARRAY 


REGISTER MODE (D or JK) 
JK-TYPE 
Fo CONTROL P-TERM 


Notes on page 359. 
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REGISTER SELECT OPTIONS (Continued) 


CLOCK 
OPTIONS 


FROM 
AND ARRAY 


REGISTER MODE (D or JK) | CODE | 
DYNAMICALLY CONTROLLABLE | oa | 


POLARITY OPTIONS (for Combinatorial I/O Configurations Only‘) Polarity Options 
When an OMC is configured as a 


FROM Combinatorial 1/O with Buried Register, the 
OMC CONAIG. OUTPUT SELECT 
mn aes De OPTIONS ¥ polarity of the combinatorial path can be 
— i programmed as Active-High or Active-Low. A 
re a conga EX-OR gato provides polar 
| conto. 


If an OMC is configured as a Registered 
Output, /Q is propagated to the output pin. 


FROM 
OPARRAY ) > Pn GEnORS | 77 u] Note that either Q or /Q can be fedback to 
| | the AND array by manipulating the feedback 
| | logic equations. (TRUE or COMPLEMENT). 
° 


Clock Options 
In the unprogrammed state, all Output Macro 
REGISTER SELECT OPTIONS Cell dock sources are connected to the 


ee | Seer 
(FROM PIN 1) can be individually programmed such that its 
D (OR J) CK< 


P-term Clock (CK,) is enabled, thus disabling 


| @ from the Extemal Clock and providing 
event-driven r : 
FROM Clocking capabdity. 
OR ARRAY : . : 
MC OUTPUT This feature supports multiple state machines, 
~-h 1 ®) Q CONTROL clocked at several difierent rates, all on one 
chip, or the abslty to coSect large amounts of 
AND ARRAY R< random logic, including 10 separately clocked 
= flip-flops. 


REGISTER SELECT OPTIONS 


a D (OR J) ai 
(K) Q 
< 


OR ARRAY 
OUTPUT 
>- CONTROL 
ny __| | 


AND ARRAY 


Notes on page 359. 
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OUTPUT MACRO CELL CONFIGURATION OPTIONS 


REGISTER SELECT OPTIONS 


Troe 


D (OR J) CK 
(K) Q 
a 


OMC CONFIGURATION 
REGISTERED OUTPUT 
(D or JK) 


FROM 
OR ARRAY 


>- 


TO 
AND ARRAY 


OMC Configuration Options 

Each OMC can be configured as a Registered 
Output with feedback, a Registered Input or a 
Combinatonal I/O with Buried Register. 
Dedicated Input and dedicated I/O 
configurations are also possible. __ 


When the Combinatorial |/O option is selected, 
(the Register Bypass option), the Buried 
Register remains 100% functional, with its 
own inputs from the AND array and a separate 
feedback path. This unique feature is ideal for 
designing any type of state machine; 
synchronous Mealy-types that require both 
Buried and Output Registers, or asynchronous 
Mealy-types that require buried registers and 
combinatonal output functions. Both 
synchronous and asynchronous Moore-type 
state machines can also be easily 
accommodated with the flexible OMC 
structure. 


Notes on page 359. 
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OMC CONFIGURATION 


COMBINATORIAL OUTPUT 
WITH BURIED REGISTER 


OUTPUT 
CONTROL 


(D or JK) 


Note that an OMC can be configured as 
either a Combinatorial I/O (with Buried 
Register) or a Registered Output with 
feedback and it can still be used as a 
Registered Input: By disabling the outputs via 
any OE control function, the M pin can be 
used as an input. When the Load Control 
P-term is asserted HIGH, the register is. 
preloaded from the M pin(s). When the L> 
P-term is Active-Low and the output is 
enabled, the OMC will again function as 
configured (either a combinatorial I/O or a 
registered output with feedback). This feature 
is suited for synchronizing input signals prior 
to commencing a state’ sequence. 
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OUTPUT CONTROL OPTIONS Output Enable Control Options 
Similar to the Clock Options, the Output 
Enable Control for each OMC can be 
connected either to an external source 
(19/OE, pin 13) or controlled from the AND 
array (P-terms DM,). Each Output can also 
be permanently enabled. 


Output Enable control for the two 
bi-directional I/O (B pins 10 and 11) is from 
the AND array only (P-terms DBO and DB1 
respectively). 


OMC 
CONFIG. 
OPTIONS 


AND ARRAY 


Complement Array Detail 

The complement array is a special sequencer 
feature that is often used for detecting illegal 
States. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 


The concept is deceptively simple: If you 
subscne to the theory that the expressions — 
(/A* (B* (C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms _ 
are inactive (LOW), whichis aclassic 
unknown state, the output of the complement 
array will be HIGH. 


Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
TO OR ARRAY TO OMCs AND BIDIRECTIONAL 1/0 used in turn to preset the state machine to 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, such an approach 

: can be prohibitive, both in terms of time and 
Notes on page 359. wasted resources. 
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LOGIC PROGRAMMING 

The PLC42VA 121 is fully supported by — 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 
and CUPL™ design software packages also 
support the PLC42VA12I architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 


LOGIC IMPLEMENTATION 
“AND” ARRAY - (1), (B), (Qp) 


(T, Fo, L P, R, D)n 
INACTIVE! | oO | 


“COMPLEMENT” ARRAY - (C) 


Tn STATUS 
ACTIVE! 


Notes on page 359. 


ABEL is a trademark of Data /O Comp. 
CUPL is a trademark of Logical Devices, Inc. 
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Tn STATUS 


CUPL also accept, as input, schematic 
capture format. 


PLC42VA12I logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP and SLICE only. The 
SLICE design package is available, free of 
charge, to qualified users. 


(T, Fc, LP, R, Din 


PROPAGATE 


P,R,L 
(OR B) 


358 


(Th: Fo) 


Ty STATUS 
ACTIVE (SET) 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. Symbols for OMC 
configuration have been previously defined in 
the Architectural Options section. 


(Tp; Fc) 


=a 
[Transeanewt | — 


T STATUS | CODE | 
INACTIVE (RESET) i oe 
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LOGIC IMPLEMENTATION (Continued) 
OUTPUT MACRO CELL CONFIGURATIONS 


PROGRAMMING CODES 
OUTPUT MACRO CELL 


REGISTER SELECT OMC CONFIGURATION | POLARITY CLOCK 
CONFIGURATION FUSE FUSE FUSE FUSE 


Combinatorial /O with Buried D-type register 


External clock source HorL 
P-term clock source HorL 


Combinatorial /O with Buried J-K type register 


External clock source HorL 
P-term clock source Horl 


Registered Output (D-type) with feedback 


External clock source | N/A 
P-term clock source N/A 


Registered Output (J-K type) with feedback 

External clock source A N/A 
Eee ee ee 

Registered Input (Clocked Preload) with feedback 


External clock source. A A ore Optional® 
P-term clock source A A or 05 Optional5 


OUTPUT CONTROL FUSES 


OUTPUT ENABLE CONTROL® 
CONFIGURATION 


OMC controlled by /OE pin 
Output Enabled 


Output Disabled 


OMC controlled by P-term 
Output Enabled 
Output Disabled 


Output always Enabled 


NOTES: . 

This is the initial (unprogrammed) state of the device. 

Any gate will be unconditionally inhibited if both the TRUE and COMPLEMENT fuses are left intact. 

To prevent oscillations, this state is not allowed for Complement Array fuse pairs that are coupled to active product terms. 

The OMC Configuration fuse must be programmed as Combinatorial I/O in order to make use of the Polarity Option. 

Regardless of the programmed state of the OMC Configuration fuse, an OMC can be used as a Registered Input. Note that the Load Control 
P-term must be asserted Active-High. 

Output must be disabled. 

Program code definitions: 

Active (unprogrammed fuse) 


NQ OAPON= 


0, @ = Inactive (programmed fuse) 

— = Don't Care (both TRUE and COMPLEMENT fuses unprogrammed) 
H = Active-High connection 

L = Active-Low connection 


8. OE control for BO and B1 (Pins 10 and 11) is from the AND array only. 
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TIMING DIAGRAMS | TIMING DEFINITIONS 
, PARAMETER 


1, B, M Clock Frequency; External Clock 
ONEUTS) Clock Frequency; P-term Clock 


to Width of Input Clock Pulse; 
KH1 | External Clock 


P-TERM CK tc Width of Input Clock Pulse; 
(l, B, M) . KH2 | P-term Clock 


to Interval between Clock pulses; 
KL! | External Clock 


Interval between Clock Pulses; 
P-term Clock 


Delay between the Positive 
tcko1 | Transition of External Clock and 
when M Outputs become valid. 


Delay between the Positive 
tcKo2 | Transition of P-term Clock and 
when M Outputs become valid. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using 
External Clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using P-term 
Clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using 

Preload Inputs (from M pins) and 
External Clock. j 


M 
(OUTPUTS) tcKL2 


LB, M, OE TERMOR 
OE PIN 
(OUTPUT ENABLE) 


ee —= (> at aa Caz 


Flip-Flop Outputs with P-term Clock 


i, B,M 
(INPUTS) 


EXTERNAL CK 
ov Delay between beginning of Valid 
Input and when the M outputs 
7 tre, become valid when using Preload 
M OH inputs (from M pins) and P-term 
(OUTPUTS) Clock. 


VoL Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using Com- 


plement Array and External clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using Com- 
plement Array and P-term Clock. 


Minimum guaranteed Operating 
Frequency; Dedicated Clock 


Minimum guaranteed Operating 
Frequency; P-term Clock 


Minimum guaranteed Operating 
fuax3 | Frequency using Preload; 
. Dedicated Clock (M pin to M pin) | 


Minimum guaranteed Operating 
Frequency using Preload; P-term 
Clock (M pin to M pin) 


Minimum guaranteed Operating 
Frequency using Complement 
Array; Dedicated Clock 


tcKo1 
tRP1,5 
l, B, M, OE TERM: c_ +3V 
OR OE PIN 1.5V 1.5V 
(OUTPUT ENABLE) 


Flip-Flop Outputs with External Clock 


1,8 
(INPUTS) 


B,M 
(COMBINATORIAL 
OUTPUTS) 


I, B, M, OE TERM Minimum Operating Frequency 
OR OE PIN using Complement Array; P-term 
(OUTPUT ENABLE) Clock 
Required delay between positive 
Gated Outputs tus transition of External Clock and 


end of valid input data. 


March 19, 1992 360 


Philips Semiconductors—Signetics Programmable Logic Devices Preliminary specification 


CMOS programmable multi-function PLD 
(42 x 105 x 12) PLC42VA12I 


TIMING DIAGRAMS (Continued) TIMING DEFINITIONS (Continued) 


SYMBOL] PARAMETER 


Required delay between positive 
transition of P-term Clock and 


1,8 
(LOAD SELECT) 


end of valid input data. 


Required delay between positive 
transition of External Clock and 
end of valid input data when us- 
ing Preload Inputs (from M pins). 


Required delay between positive 
transition of P-term Clock and 

end of valid input data when us- 
ing Preload Inputs (from M pins). 


, B, OE TERM OR OE PIN 
(OUTPUT ENABLE) 


M 
(INPUT) 


P-TERM OR 
EXTERNAL CK 


Required delay between begin- 
ning of valid input and positive 
transition of P-term Clock input. 


Required delay between 
beginning of valid Preload input 
(from M pins) and positive 

transition of External Clock. 


Required delay between 
beginning of valid Preload input 
(from M pins) and positive 

transition of P-term Clock input. 


Required delay between 
beginning of valid input through 
Complement Array and positive 
transition of External Clock. 


K 
4H3,4 


WOON 


Flip-Flop Input Mode (Preload) 


1,8, M 
(INPUTS) 


P-TERM OR | \Y/ 
EXTERNAL CK IN oad 
| tis* 4s —1tcKO 


PRESET/RESET 
(i, B, M INPUTS) 


Required delay between 
beginning of valid input through 
Complement Array and positive 
transition of P-term Clock input. 


Q (PRESET) 
RESET) 


Delay between beginning of 
tPRO - Output Enable signal (Low) from 
TRESET) /OE pin and when Outputs 


become valid. 


Delay between beginning of 
Output Enable signal (High or 

Low) from OE P-term and when 
Outputs become valid. 


Delay between beginning of 
Output Enable signal (HIGH) from 
/OE pin and when Outputs 
become disabled. 


Delay between beginning of 
Output Enable signal (High or 

Low) from OE P-term and when 
Outputs become disabled. 


Delay between beginning of valid 
tpp —_—| input and when the Outputs be- 


come valid (Combinatorial Path). 


M 
(OUTPUTS) 5V XK (presen A'OY 


*Preset and Reset functions override Clock. However, M outputs may glitch 
with the first positive Clock Edge if tg cannot be guaranteed by the user. 


Asynchronous Preset/Reset 


Vcc 
ov 


Mi 
(OUTPUTS) 1.5V 


VOL 


LBM +3V 


(INPUTS) 

ov Delay between beginning of valid 
Preset/Reset Input and when the 
registered Outputs become 


Preset (“1") or Reset (°0”). 


Delay between Vcc (after 
power-up) and when flip-flops 

become Reset to “0”. Note: Signal 
at Output (M pin) will be inverted. 


+3V 
P-TERM OR 


EXTERNAL CK ay 


'CKL 
tCK1,2 


Power-On Reset 
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LOGIC FUNCTION 


Q3 Q2 Q1 Qo 
[To [+ [eo] (ee) presenr stare 
STATE REGISTER A-B'c-... 


Teepe] Gs) mers 


SET Qo: Jo = (G2 Q,°Gp) "A B-C... 
Ko =0 


RESET Q;:J,=0 
Ky =(Q3-G2°Q,-g)-A-B-C... 


HOLD Qo: Jpg = 0 
Ky =0 


RESET Q3: Jz = (Q3 ° Gp > Qy 9) AB: 
K3 = (Q3 - G2 + Qy* Qo): A-B- 


NOTE: 
Similar logic functions are applicable for D 
mode flip-flops. 


FLIP-FLOP TRUTH TABLE 


NOTES: 
1. Positive Logic: | 
J-K=To + 1 + Tot... + Ts 
Tr =C- (10-11 -12...)- (QO0-Q1...)- 
BO - B1...) 
denotes transition for Low to High level. 
X = Don't care 
* = Forced at M, pin for loading the J-K 
flip-flop in the Input mode. The load 
control term, L, must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 
5S. AtP =R=H, Q=H. The final state of Q 
depends on which is released first. 
6. ** = Forced at F, pin to load J/K flip-flop 
(Diagnostic mode). 


Pop 
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PLC42VA12I UNPROGRAMMED 


STATE 


A factory shipped unprogrammed device is 
configured such that all cells are ina 
conductive state. 


The following are: 
ACTIVE: 
— OR array logic terms 
— Output Macro Cells M1 — M8; 
e D-type registered outputs (D = 0) 
— External clock path 
— Inputs: BO, B1, MO, M9. 


INACTIVE: | 
— AND array logic and control terms (except 
flip-flop mode control term, Fc) 


— Bidirectional I/O (BO, B1); 
e Inputs are active. Outputs are 3-Stated 
via the OE P-terms, DO and D1 
e D-type registers (D = 0). 
— Output Macro Cells MO and M9; 
@ Bidirectional I/O, 3-Stated via the OE 


_ P-terms, DMO and DM9. The inputs are 
active 


— P-term clocks 
— Complement Array 
— J-K Flip-Flop mode. 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 


The erasure characteristics of the 
PLC42VA12I devices are such that erasure 
begins to occur upon exposure to light with 
wavelength shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000 — 4000A 
range. Data shows that constant exposure to 
room level fluorescent lighting could erase a 
typical PLC42VA12I in approximately three 
years, while it would take approximately one 
week to cause erasure when exposed to 
direct sunlight. If the PLC42VA12I is to be 
exposed to these types of lighting conditions 
for extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 
PLC42VA12I is exposure to shortwave 
ultraviolet light which has a wavelength of 


2537 Angstroms (A). The integrated dose 


(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 
15Wsec/cm2. The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,000,.W/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 7258Wsec/cm? 
(1 week @ 12000uW/cm2). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 


The maximum number of guaranteed 
erase/write cycles is 50. Data retentions 
exceeds 20 years. 


Preliminary specification 


CMOS programmable multi-function PLD } 


(42 x 105 x 12) 


Philips Semiconductors—Signetics Programmable Logic Devices 


PLC42VA121 


PROGRAM TABLE 
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PM, RM, CK, DM, DM, 
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CMOS programmable logic sequencer : 
(17 x 68 x 8) PLC415-16 


DESCRIPTION FEATURES PIN CONFIGURATIONS 
lbs Seaune 1 is eh CMOS iis) ®@ Pin-for-Pin compatible, functional superset 

i ea ok alegre bela al allele f PLS105/A and PLUS405 Logic 
type. The PLC415-16 is a pin-for-pin EiGeatas a °9 N, FA Packages 


compatible, functional superset of the 
PLS105 and PLUS405 Bipolar 
Programmable Logic Sequencer devices. 


The PLC415 is ideally suited for high density, 
power sensitive controller functions. The 
Power Down feature provides true CMOS 
standby power levels of less than 100A. The 
EPROM-based process technology supports 
operating frequencies of 16 to 20MHz. The 
PLC415-16 has been designed to accept 
both CMOS and TTL input levels to facilitate 
logic integration in almost any system 
environment. 


The PLC415 architecture has been tailored 
for state machine functions. Both arrays are 
programmable, thus providing full 
interconnectability. Any one or all of the 64 
AND transition terms can be connected to 
any (or all) of the 8 buried state and 8 output 
registers. 


Two clock sources enable the design of 2 
state machines on one chip. Separate INIT 
functions and Output Enable functions for 
each are controllable either from the array or 
from an external pin. The J-K flip-flops 
provide the added flexibility of the toggle 
function which is indeterminate on S-R 
flip-flops. The programmable Initialization 
feature supports asynchronous initialization of 
the state machine to any user defined 
pattern. 


The unique Complement Array feature 
supports complex ELSE transition statements 
with a single product term. The PLC415-16 
has 2 Complement Arrays which allows the 
user to design two independent complement 
functions. This is particularly useful if two 
state machines have been implemented on 
one chip. 


ORDERING INFORMATION 


July 30, 1990 


DESCRIPTION 


28-Pin Ceramic DIP with window, Reprogrammable (600mil-wide) 


28-Pin Plastic DIP; One-Time Programmable (600mil-wide) fax = 16MHz PLC415—16N 


28-Pin Plastic Leaded Chip Carrier; One-Time Programmable (450mil-wide) 


® Zero standby power of less than 100yA 
(worst case) 
— Power dissipation at fyax = 80MA 
(worst case) 


®@ CMOS and TTL compatible 


® Programmable asynchronous Initialization 
and OE functions 
- Controllable from AND Array or external 
source 


® 17 input variables 
© 8 output functions 


® 68 Product Terms 
— 64 transition terms 
— 4control terms 


® 8-bit State Register 


® 8-bit Output Register NOTE: 
N = Plastic DiP (600mil-wide) 


®@ 2 Transition Complement Arrays FA = Ceramic DIP with Quartz window (600mit-wide) 


@ Multiple clocks 


® Diagnostic test modes features for access 
to state and output registers 


® Power-on preset of all registers to “1” 
@ J-K flip-flops 

- Automatic Hold states 
© Security Fuse 


© 3-State outputs 


APPLICATIONS 


®@ interface protocols 

® Sequence detectors 

® Peripheral controllers 

® Timing generators 

® Arbitration functions 

® Sequential circuits 

® Security locking systems 


® Counters 


A = Plastic Leaded Chip Carrier 


@ Shift Registers 


OPERATING 
FREQUENCY ORDER CODE 


fuax = 16MHz PLC415-16FA 
fuax = 16MHz PLC415-16A 
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PIN DESCRIPTION 


ee SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this | Active-High (H) 
line is necessary to update the contents of both registers. Pin 1 only clocks PO-3 and FO-3 
if Pin 4 is also being used as a clock. 


Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 


10-14, 17, 16 Active-High/Low 


I8-9 between machine states, as determined by a given logic sequence. True and complement (H/L) 
113-115 signals are generated via use of “H” and “L”. 
I5/CLK2 Logic Input/Clock: A user programmable function: 
© Logic Input: A 13th external logic input to the AND array, as above. eye 


© Clock: A 2nd clock for the State Registers P4—7 and Output Registers F4-7, as above. | Active-High (H) 
Note that input buffer I, must be deleted from the AND array (i.e., all fuse locations “Don't 


Care”) when using Pin 4 as a Clock. 


Logic/Diagnostic Input: A 14th extemal logic input to the AND array, as above, when Active-High/Low 


exercising standard TTL or CMOS levels. When 112 is held at +11V, device outputs FO-F7 (H/L) 
reflect the contents of State Register bits PO—-P7. The contents of each Output Register 

remains unaltered. 

Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/Low 
exercising standard TTL or CMOS levels. When 111 is held at +11V, device outputs FO-F7 (H/L) 


become direct inputs for State Register bits PO-P7; a Low-to-High transition on the 
appropriate clock line loads the values on pins FO-F7 into the State Register bits PO-P7. 
The contents of each Output Register remains unaltered. 


Logic/Diagnostic Input: A 16th extemal logic input to the AND array, as above, when Active-High/Low 


exercising standard TTL or CMOS levels. When 110 is held at +11V, device outputs FO-F7 (H/L) 
become direct inputs for Output Register bits QO—Q7; a Low-to-High transition on the 

appropriate clock line loads the values on pins FO-F7 into the Output Register bits Q0-Q7. 

The contents of each State Register remains unaltered. | 

Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active-High (H) 


normally reflect the contents of Output Register Bits Q0-Q7, when enabled. When 112 is 
held at +11V, FO-F7 = (PO-P7). When 111 is held at +11V, FO-F7 become inputs to State 
Register bits PO-P7. When 110 is held at +11V, FO-F7 become inputs to Output Register 
bits QO-Q7. 


External Initialization, External /OE, PD or 116: A user programmable function: Only one 
of the four options below may be selected. Note that both Initialization and /OE options are 
alternately available via the AND array. (P-terms INA, INB, OEA, and OEB.) 


INIT/OE 
116/PD 


e External Initialization: Provides an asynchronous Preset to logic “1” or Reset to logic Active-High (H) 
“0” of any or all State and Output Registers, determined individually on a 
register-by-register basis. INIT overrides the clock, and when held High, clocking is 
inhibited. Normal clocking resumes with the first full clock pulse following a High-to-Low 
Clock transition, after the INIT pulse goes Low. See timing diagrams for tnyck and tvck. 
Note that if the External Initialization option is selected, 116 is disabled automatically via the 
design software and the Power Down and External OE options are not available. Internal 
OE is available via P-Terms OEA and/or OEB. This option can be selected for one or both 
banks of registers. 


© External Output Enable: Provides an Output Enable/Disable function for Output Active-Low (L) 
Registers. Note that if the External OE option is selected, 116 is disabled automatically via 
the design software and the Power Down and External INIT options are not available. 
Internal INIT is available via P-terms INA and/or INB. This option can be selected for one 
or both banks of registers. 

© Power Down: When invoked, provides a Power Down (zero power) mode. The contents | Active-High (H) 
of all Registers is retained, despite the toggling of the Inputs or the clocks. To obtain the 
lowest possible power level, all Inputs should be static and at CMOS input levels. Note that 
if the PD options is selected, I1¢ is disabled automatically via the design software and the - 
External INIT and External OE options are not available. Internal INIT is available via 
P-terms INA and/or INB and Internal OE is available via P-terms OEA and/or OEB. 


© Logic Input: The 17th extemal logic input to the AND array as above. Note that when 
the 116 option is selected, the Power Down, External /OE and External INIT are not 
available. Internal OE and Internal INIT are available from P-Terms OEA/OEB and 
INA/INB, respectively. 


Active-High/Low 
(H/L) ~ 
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TRUTH TABLE 1:2, 3, 4,5 


INIT 


X xX X H/L. 
+11V X X L 
+11V X X H 

X +11V X Or 

X +11V X Qr 

X X +11V 


x «KK KR mK] OX 


a 
parr green =r as 


+ 
of 
—_ 
< 


x « « «LK OK Xx. 
Ax P|P 


x19 9 2 DIK Kk DD DKK KOO Ox 
x|xorexrue|<xxx«x «x «KK KI KK KK OK OX 


Kx | K KK KK OK 


i 


s|as-oleex-eesleez-eoze 


<M )C Lm ml KK mK mK mR KR KR KK OK OK OK OK 


+ 
oi 
< 


sleaze PHO HR xe HPiPH 


x | K KK KICK 


E 


NOTES: 
1. Positive Logic: 
S/R (or J/K) =To+ Ty; +Tot+. . . T63 
Th = (Co, Cy)(10, 11, 12,.. .) (PO, P1... P7) 
denotes transition from Low-to-High level. 
X = Don't Care (<5.5V) 
H/L implies that either a High or a Low can occur, depending upon user-programmed Initialization selection (each State and Output Register 
individually programmable). 
When using the F,, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


ao Fah 


VIRGIN STATE LOGIC FUNCTION 

A factory-shipped virgin device contains all 

fusible links intact, such that: Q3_Q2 Qi QO 

1. INITOE/PD/16 is set to INIT. In order to Fa ftofa{o| a PRESENT STATE 
use the INIT function, the user must 


select either the PRESET or the RESET STATE REGISTER 


option for each flip-flop. Note that Doon 
regardless of the user-programmed fo fools | iwi eno 
initialization, or even if the INIT function is 


not used, all registers are presetto“1"by | SETQo:Jg= (G2: 01°) 'A'B-C... 
the power-up procedure. Kg =0 
iti er RESET Q4:J, =0 
2. All transition terms are inactive (0). t kis = (Q3 ‘Gp Q,°U) ABC. 
3. All J/K flip-flop inputs are disabled (0). 
. HOLD Qo: Jp =0 

4. The Complement Arrays are inactive. Ko =0 
5. Clock 1 is connected to all State and — RESET Q3:J3 = (Q3 °Gp*Q,°Gy)-A-B'C... 

Output Registers. Kg =(Q3°G2°Q1° Gp) ABC... 
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FUNCTIONAL DIAGRAM 


OEB OEA INA_INB 


0 
8 
oS 


IS/CK2 


CK1/CK2 


a 
> 


POWER DOWN : fe 
= _—-., 
INTERNAL 
INIT = EOE. PDANIT/OEN16 
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LOGIC DIAGRAM 


je ___——————————__ LoGic TERMS_)§ ————________________- 
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ESS £68 OE BR SS BD HSH SS ES a a HE Se BH sO 
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NOTE: 
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DETAILS FOR PLC415-16 LOGIC DIAGRAM 


TO OUTPUT 
_ PINS 


FROM OE PIN 19 
OR PTERM OEA (FO-3) 
OR OEB (F4-7) 


FROM INIT PIN 19 -  FROMCLK1 
| OR PTERM INA (FO-3) OR CLK2 
FROM INIT PIN 19 FROM CLK1 OR INB (F4-7) 
OR PTERM INA (PO-3) OR CLK2 
OR INB (P4-7) 


Detail A | : Detail B 
State Registers PO —P7 — Output Registers FO — F7 


INTERNAL 
OE 


[XS T\ 


e@ 

= EXTERNAL a 

4 = INITOR OE MT OEB 
e 


cdl FROM AND 


ARRAY a OEANIT/PDA16 
(PIN 19) 


Detail C 
Pin 19 Options: OE, Initialization, Power Down and Input 16 


FROM P4-7 AND PO-3 AND 
AND ARRAY Fe-7 INT FO-3 INIT 


FROM PIN 19 
CONTROL 


Detail D 
Internal and External Initialization 
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DETAILS FOR PLC415-16 LOGIC DIAGRAM (Continued) 


OEB OEA 


The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A * /B * /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if any one or more of the 


ABSOLUTE MAXIMUM RATINGS? 


NOTES: 


a 
a a 
a 
a 
a 
Tas | Oreeingwnpeairerange | owas +f 
Tay | Storage iemperairerange | swe |__| 


TO OR ARRAY 


Complement Array Detail 


AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 


Consider the Product Terms A, B and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in tum to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 


Product specification 


PLC415-16 


all unknown or illegal states. With very 
complex state machines, such an approach 
can be prohibitive, both in terms of time and 
wasted resources. 


Note that the PLC416-16 has 2 Complement 
Arrays which allow the user to design 2 
independent Complement functions. This is 
particularly useful if 2 independent state 
machines have been implemented on one 
device. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 


1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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DC ELECTRICAL CHARACTERISTICS 
O°C < Tamp S +75°C, 4.75 5 Voc S5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN. | TYP? | MAX | UNIT 


| 


Output voltage | 


Vin =Oor Voc 
loc | Voc supply current Active 45 lout = OMA 
(TTL or CMOS Inputs) Voc = MAX at f = MAX 


2. All voltage values are with respect to network ground terminal. 

3. Duration of short-circuit should not exceed one second. Test one ata time. 

4. Tested with TTL input levels: Vi_ = 0.45V, Viy = 2.4V. Measured with all inputs and outputs switching. 

5. Refer to Figure 1, Icc vs Frequency (worst case). 

6. Refer to Figure 2 for Atpp vs output capacitance loading. 

7. The outputs are automatically 3-Stated when the device is in the Power Down mode. To achieve the lowest possible current, the inputs and 
clocks should be at CMOS static levels. 


> 


A tpp(ns) 


fe 


12 4 6 8 10 12 14 16 18 0 20 40 60 80 100 120 140 160 180 200 
(MHz) OUTPUT CAPACITANCE LOADING (pF) 


Figure 1. Icc vs Frequency Figure 2. Atpp vs Output 
(Worst Case) Capacitance Loading (Typical) 
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AC ELECTRICAL CHARACTERISTICS 
Ry = 2520, Ro = 178, 0°C < Tam $ +75°C, 4.75 < Vog $ 5.25V 


TEST LIMITS 
SYMBOL PARAMETER TO CONDITION | MIN | TYP | MAX | UNIT 


Pulse width 


Teor | Gomnen dC CdCl 
Ce 


ee sor | 25 | 10 
Set-up time 
piss | pt KFT 8 2 ns 
[sro | Power Down Se fom PO i a 
Clock resume (after INIT) when — 
Clock resume (after INIT) when 
1 = 
Clock lockout (before INIT) when 
Clock lockout (before INIT) when 
1 a 


Propagation delays 


tcxo Clock to Output CK+ (F) +/- 30pF 
tppz Power Down to outputs off PD+ 5pF 
pF 


Power Up to outputs Active | 
tpuat with dedicated Output Enable 
Power Up to outputs Active : 
1 
with P-term Output Enable! PD- SOpF 
tiHPU ay aoa PE CWEE NON? Last Valid Clock 30pF 


vw 

S 

r< 

(o¥) 
fafa 


First valid clock cycle before Power | Beginning of First 


Output Enabled 30pF 
ie 
ar ~S6F 


sir ae to output when using P-term (1) 4/- (F) 4/- 30pF 


tppR! Power-on Preset (F, = 1) Voc + 30pF 


Registered operating period; | 2 7 . 
Registered operating period with 
Complement Array (tis2 + texo1) (I) +/- (F) +/— 3OpF 


Notes on following page 
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a ELECTRICAL pepe TenioiGe Continued) 
= 2520, Re = 1782, 0°C $ Tamb $ +75°C, 4. al cc $5.25V 


TEST LIMITS 
SYMBOL PARAMETER ONDITION | MIN | TYP | MAX, UNIT 


Hold time 


pt | imputoid TK Te Toor 10 | [os 


Frequency of operation 


eux’ | Cock toggieytequency «ddd ide 


Registered operating frequenc 

[see | fests ee ee ed Ee Ed 
Registered operating frequency with 

 funee Complement Array (tiso + texo1)!' (I) +/— (F) +/- 30pF 


NOTE: 

1. Not 100% tested, but guaranteed by design/characterization. 

2. All propagation delays and setup times are measured and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vz = (Vox — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Voi + 0.5V) level with S; closed. 


TIMING DIAGRAMS 


OE 
(from OEA/B or Pin 19) 


toE 
Sequential Mode 


{NITH 


Asynchronous Initialization 
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The PLC416-16 has a unique power down all the State and Output registers. In orderto | Once in the power down mode, any or all of 


feature that is ideal for power sensitive insure that the last valid states are saved, the inputs, including the clocks, may be 
controller and state machine applications. there are certain hold times associated with toggled without the loss of data. To obtain the 
During idle periods, the PLC415 can be the first and last valid clock edges and the lowest possible power level, the inputs should 
powered down to a near zero power Power Down input pulse. The Outputs are be at static CMOS input levels during the 
consumption level of less than 100 micro then automatically 3-Stated and power power down period. 


Amps. Externally controlled from Pin 19, the consumption is reduced to a minimum. 
power down sequence first saves the data in 


TIMING DIAGRAMS (Continued) 


hones OXXXXXXXKKXAK ... MXXX XK 


LAST VALID FIRST VAUD 
CLOCK CLOCK 


poo 
LAST VALID LAST VALID 
STATE STATE 


POWER DOWN POWER UP 


Power Down Enable and Disable 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


0-111, = +3V 
113 -16 1.5V 
ov 
+10V 
8.0V 
+3V 
ov 
. +3V 
CLK 15V F 
ov 
; ts 'CKH 
2 we es aes ae Ge eS a SE CE GA ce EE eG In Se Tee ce a, CE ee V 
x INTERNAL OH 
G0-Q7 staTE REG. (Ps) & (Ns) 
Ban qa 7 wae ae LE Eas ae we = hoe ee CE ee Ge eS EE eel Gee eee CO Gee es Oe CE Geese eee) ee Ee eee et VoL 
‘SRE tsrp— : 
yy, 7 OH 
a TY 47597 00S CO 
Jf Vy ( n+1) VoL 
cKO 
OE 
OV 


Diagnostic Mode—State Register Outputs 


FO 
(INPUTS) 


CLK 


us 


(8) LLL LK 


Diagnostic Mode—State Register Input Jam 


tCKH 
KO 


10 


(8) WLLL Ke} 


Diagnostic Mode—Output Register Input Jam 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 


Minimum guaranteed toggle 


frequency of the clock (from 
Clock HIGH to Clock HIGH). 


Minimum guaranteed 
operating frequency. 
Width of input clock pulse. 


Interval between clock 
pulses. 


Minimum guaranteed 
operating period — when not 
using Complement Array. 


Minimum guaranteed 
operating period — when 
using Complement Array. 


Delay between positive 
transition of Clock and when 
Outputs become valid (with 

outputs enabled). 


Required delay between 
positive transition of Clock 
and end of valid Input data. 


Required delay between the 
positive transition of the 
beginning of the first valid 
clock cycle to the beginning 
of Power Down LOW to 
insure that the last valid 
states are intact and that the 
next positive transition of the 
clock is valid. 


Required delay between the 
positive transition of the last 
_ Valid clock and the beginning 
of Power Down HIGH to 
insure that last valid states 
are saved. 


tiNITH Width of initialization input 
pulse. 


tints Delay between positive 
.| transition of Initialization and 
when Outputs become valid 
when using external INIT 
control (from pin 19). 
Delay. between positive 


transition of Initialization and 


when outputs become valid 
July 30, 1990 


tiHPuU 


when using internal INIT 
control (from P-terms INA 
and INB). 


Required delay between the 
beginning of Power Down 
HIGH (from pin 19) and the 
positive transition of the next 
clock to insure that the clock 
edge is not detected as a 
valid Clock and that the last 
valid states are saved. 


tispu 


SYMBOL PARAMETER 


Required delay between the 
beginning of Power Down 
LOW and the positive 
transition of the first valid 
clock. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Required delay between 
beginning of valid input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization 
when using external INIT 
control (from pin 19) to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization, 
when using the internal INIT 
control (from P-terms INA 
and !NB), to guarantee that 
the clock edge is not detected 
as a valid negative transition. 


tnvcK1 


Delay between beginning of 
Output Enable High and 

- when Outputs are in the 
OFF-State, when using 
external OE control (from 
pin 19). 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State when using 
internal OE control (from 
P-terms OEA and OEB). 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid when 
using external OE control 
from pin 19. 


Delay between beginning of 
Output Enable Low and when 
outputs become valid when 
using internal OE control 
(from P-terms OEA and 
OEB). 


Delay between beginning of 
Power Down HIGH and when 
outputs are in OFF-State and 
the circuit is “powered down’. 
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SYMBOL PARAMETER 


tp Delay between Vcc (after 
power-on) and when Outputs 


become preset at “1”. 


Delay between beginning of 
Power Down LOW and when 
outputs become Active (valid) 
and the circuit is “powered 

up”. See AC Specifications. 


Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


Required delay between 
positive transition of Clock 
and end of inputs 111 or 110 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively. 


Required delay between 
when inputs !11 or 110 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively, and when the 
output pins become available 
as inputs. 


PR 
tsrap Delay between input I12 — 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 


Register. 


Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 

Register. 


Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding the first valid 
clock pulse when using 
external INIT control (pin 19). 


tvcK1 


Required delay between the 
negative transition of the 
Asynchronous Initialization 
and the negative transition of 
the clock preceding the first 
valid clock pulse when using 
intemal INIT control (from 
P—terms INA and INB). 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 

first reliable clock pulse. 
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TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


ti 


Co 


MEASUREMENTS: z 
All circuit delays are measured at the +1.5V level of 
NOTE: inputs and outputs, unless otherwise specified. 


Cy and C2 are to bypass Vcc to GND. Input Pulses 


LOGIC PROGRAMMING 


The PLC416-16 is fully supported by industry | CUPL also accept, as input, schematic SLICE design package is available, free of 
standard (JEDEC compatible) PLD CAD capture format. charge, to qualified users. , 
tools, including Signetics SLIGE and SNAP PLC416-16 logic designs can also be To implement the desired logic functions, 
design software packages. ABEL™ and ‘ ; 

f generated using the program table entry each logic variable (I, B, P, S, T, etc.) from the 
CUPL™ design software packages also ae : : ‘ ee : | TRUE, 
eu t the PLC416-16 architecture format, which is detailed on the following logic equations if assigned a symbol. : 

, pages. This program table entry format is COMPLEMENT, PRESET; RESET, OUTPUT 

All packages allow Boolean and state supported by SNAP and SLICE only. The ENABLE, INACTIVE, etc., symbols are 
equation entry formats. SNAP, ABEL and defined below. 


INITIALIZATION (PRESET/RESET)" OPTION — (P/R) 


| DONTCARE | -__| 


Notes are on page 380. 


ABEL is a trademark of Data /O Comp. 
CUPL is a trademark of Logical Devices, inc. 
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LOGIC PROGRAMMING (Continued) 
PIN 19 FUNCTION: POWER DOWN, INIITALIZATION, OE, OR INPUT 


Power Down Mode P-Term Initialization Control 


FROM ANO ARRAY 
(PD FUSE) (INIT/OE FUSE) 


DE DISABLED 
FROM PIN 19 FROM PIN 19 


= PRESET/RESET 
INT DISABLED TO REGISTERS 


INTERNAL INIT FUSE 


14g DISABLED WaT DISABLED 


FROM PIN 19 


POWER DOWN FUSE 
PIN 19 AS POWER DOWN 
EXTERNAL INIT/OE FUSE 
. | EXTERNAL INIT/OE DISABLED 


External Initialization Control P-Term OE Control 


(PD FUSE) (INIT/OE FUSE) FROM AND ARRAY 


OE DISABLED 
FROM PIN 19 Roe te 


INIT CONTROL 


CONTROL 
14g DISABLED INTERNAL OE FUSE 


OE DISABLED 
FROM PIN 19 


POWER DOWN DISABLED 

EXTERNAL INIT/OE FUSE INTERNAL O€ FUSES | CODE | 

PIN 19 AS EXTERNAL INIT P-TERMOECOMTROL =| oH” 8 | 
INTERNAL INIT FUSES | CODE | 


P-TERM INIT ACTIVE OR 78 
INACTIVE HORL” 


External Output Enable Control 


(PD FUSE) (INIT/OE FUSE) 


POWER DOWN OE CONTROL 
DISABLED iaseagatl 
FROM PIN 19 19 


INIT DISABLED 
FROM PIN 19 


146 DISABLED 


POWER DOWN DISABLED 


EXTERNAL INIT/OE FUSE 
PIN 19 AS EXTERNAL OE 


INTERNALINITFUSES =| CODE | 


P-TERM OE ACTIVE OR 7.8 
INACTIVE HORL" 


Notes are on page 380. 
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“OR” ARRAY — J-K FUNCTION -— (N), (F) 


c 
¢c 
Tn 


[action | cove] 
[iwacrves® | 0 | [Taanspanewt | _- | 
CLOCK OPTION — (CLK1/CLK2) 
CLK2 CLK2 
CLK1 CLK 
[—ornion [cove] | ["opron | cove 
ekt and cua® | 


NOTES: 

1 This is the initial unprogrammed state of all links. 

2 Any gate T,, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 

3 To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 

4 These states are not allowed when using PRESET/RESET option. 

5 Input buffer I; must be deleted from the AND array (i.e., all fuse locations “Don't Care”) when using second clock option. 

6 When using Power Down feature, INPUT 16 is automatically disabled via the design software. -2 

7 If the internal (P-term) control fuse for INIT and/or OE is programmed as Active High, the associated External Control function will be 
permanently disabled, regardless of the state of the External INIT/OE fuse. 

8 One internal control fuse exists for each group of 8 registers. PO — 3 and FO — 3 are banked together in one group, as are P4 — 7 and F4 —7. 
Control can be split between the INIT/OE pin (Pin 19) and P—-terms INA, INB, OEA and OEB. 

9 The PLC416-16 also has a power-up preset feature. This feature insures that the device will power-up in a known state with all register 
elements (State and Output Register) at a logic High (H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the present state. 

10 L = cell unprogrammed. 
H = cell programmed. 

11 Inputs 10, 11 and 12 (pins 25, 24, & 23) can be used for supervoltage diagnostic mode tests. It is recommended that these inputs not be 
connected to product terms INA, INB, OEA or OEB if you intend to make use of the diagnostic modes due to the fact that the patterns 
associated with the internal INIT and OE control product terms may interfere with the diagnostic mode data loading and reading. 
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PROGRAM TABLE 


OUTPUT (Fn) 


x 


vw 
' 


OPTIONS 


. 


2 
Fl 
fe 
fe 
iz 
Fa 
2 
[a 
Ay 
= 
Fy 
2 
FA 
2 
fq 
= 
| 
= 
Fa 
Eq 
5 | 
2 
= 
s 
| 
= 
| 
2 
S| 
2 
A 
Q 
= 
= 
= 
= 
= 
=| 


ENTERNAL INIT 
EXTERNAL OE 
INTERNAL INIT/OE 
ENABLED 
INTERNAL INIT/OE 
DISABLED 


PRESENT 


OR (Ns, Fn) 


TOGGLE 


INPUT (im) 


TRANSPARENT 


GENERATE 


NOISIA3SY # LYVd YHAWOLSNO 


aLvd # LYVd SOILANDIS 


AINVN YSAWOLSNSD 


AWVN LOAarOudd 


NOTES: 


grammed state of all other options is "L”. 


In the unprogrammed state all cells are conducting. Thus, the program table for an unprogrammed device would contain “O"s for all product terms (inactive) and 
lization states (indeterminate). The defautt or unpro 


initia 
2. Unused Cn, lm and Ps cells are normally programmed as Don't Care (-—). 


3. Unused product terms can be left blank (inactive) for future code modification. 


1. 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 


The erasure characteristics of the PLC415 
Series devices are such that erasure begins 
to occur upon exposure to light with . 
wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lamps has wavelengths in the 3000 — 4000A 
range. Data shows that constant exposure to 
room level fluorescent lighting could erase a 
typical PLC415 in approximately three years, 
while it would take approximately one week 


July 30, 1990 


to cause erasure when exposed to direct 
sunlight. If the PLC415 is to be exposed to 
these types of lighting conditions for 
extended periods of time, opaque labels 


_ should be placed over the window to prevent 


unintentional erasure. 


The recommended erasure procedure for the 
PLC415 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 
Angstroms (A). The integrated dose (i.e., UV 


. intensity x exposure time) for erasure should 


be a minimum of 15Wsec/cm2. The erasure 
time with this dosage is approximately 30 to 


382 


35 minutes using an ultraviolet lamp with a 
12,000,.W/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 7258Wsec/cm? 
(1 week @ 12000,W/cm2). Exposure of 
these CMOS EPLDs to high intensity UV light 


_ for longer periods may cause permanent 
damage. 


The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. © 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


OEB OFA INA INB Pe3 Pp 


IS/CK2 
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DESCRIPTION 

The PLS105and the PLS105A are bipolar 
Programmable Logic State machines of the 
Mealy type. They contain logic AND-OR gate 
arrays with user programmable connections 
which control the inputs of on-chip State and 
Output Registers. These consist respectively 
of 6 Qp, and 8 Or edge-triggered, clocked 
S/R flip-flops, with an Asynchronous Preset 
option. all flip-flops are unconditionally preset 
to “1” during power turn on. 


The AND array combines 16 external inputs 
lo — 15 with six internal inputs Pg —5, which 
are fed back from the State Registers to form 
up to 48 transition terms (AND terms). All 
transition terms can include True, False, or 
Don't Care states of the controlling variables, 
and are merged in the OR array to issue 
next-state and next-output commands to their 
respective registers on the Low-to-High 
transition of the Clock pulse. Both True and 
Complement transition terms can be 
generated by optional use of the internal input 
variable (C) from the Complement Array. 
Also, if desired, the Preset input can be 
converted to Output Enable function, as an 
additional user-programmable option. 


Order codes are listed below in the Ordering 
Information Table. 


ORDERING INFORMATION 


October 16, 1989 


- DESCRIPTION 
28-Pin Plastic DIP (600mil-wide) PLS105N, PLS105AN 
28-Pin Plastic Leaded Chip Carrier 


FEATURES 

® PLS105 
— fuax = 13.9MHz 
— 20MHz clock rate 


@ PLS105A 
- fuax = 20MHz 
- 25MHz clock rate 
® Field-Programmable (Ni-Cr link) 
© 16 input variables 
® 8 output functions 
© 48 transition terms 
© 6-bit State Register 
© 8-bit Output Register 
® Transition complement array 
® Positive edge-triggered clocked flip-flops 


®@ Programmable Asynchronous Preset or 
Output Enable 


® Power-on preset to all “1” of internal 
registers 


© Power dissipation: 6(0OmW (typ.) 
© TTL compatible 
® Single +5V supply 


© 3-State outputs 


APPLICATIONS 


® Interface protocols 
@ Sequence detectors 


® Peripheral controllers 


. © Timing generators 


® Sequential circuits 

@ Elevator controllers 

® Security locking systems 
® Counters 


® Shift registers 


ORDER CODE 
PLS105A, PLS105AA 


384 


PIN CONFIGURATIONS 


N Package 


N = Plastic DIP (600mil-wide) 


A Package 


IS 16 17 CLK Voc 8 


A = Plastic Leaded Chip Carrier 
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FUNCTIONAL DIAGRAM 


| NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 15 external inputs to the AND array used to program jump conditions Active-High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/Low 
exercised with standard TTL levels. When I0 is held at +10V, device outputs FO —5 reflect 

the contents of State Register bits PO — 5. The contents each Output Register remains 

unaltered. 


Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of Active-High 
Output Register bits QO — 7, when enabled. When 10 is held at +10V, FO —§ = (PO — 5), 
and F6, 7 = Logic “1”. 


Preset or Output Enable Input: A user programmable function: 
© Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active- High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and FO — 7 are High. 


Normal clocking resumes with the first full clock pulse following a High-to-Low clock 
transition, after Preset goes Low. 


e Output Enable: Provides an Output Enable function to all output buffers FO — 7 from the | Active-Low (L) 
Output Register. 
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LOGIC DIAGRAM 


: ®e « & & ££ #£ @#& CE 
| JSoee Fe et & 


7] CLK 


w 
=> - A--A--A-“A -vRH-rwH-HR-A Vv, 


| : 


1 
alii RAQAAAAADARAD RARQANAARARAAADG 


caedealealedea Calealedtalelealeale 


POO ee 


oS 2,2; 2g Fee ee 8G 


: © 
ie : a 
SS SS 8 RS 8 BS 3 BE BB 8 SS 8B SB BR 8 SS 8 8 BS 8 SM SS SD BR WR BR SS RE A BESS RN RRS BS RE RR MA RO RE SE NS se: 
SH SEB aR 9 SB SR SB RS 8 9 BR SS 9 SB 8 ER He 8 a ME ns a BER GE RS YS EE GER RS © 
SS BS BR 8 8 SB 2 SB SS 8 BR BB SS SM Ss SS SS SSS GS RE a SS SR Ba BRS GR UW RS SS ‘ Dy» 
GE Bee B BS SS es ee 8 Se ae ReaD Seen & es Sa ea Se es Gn Rw Soe ee WS Gn Mw Sens ste scence Soca Std ee a no em ae RN Moot ot St SOR Noth Gates Utter Bobet om OOO BUD Ratea BOod Dood Seed oboe : 25 
SEBS 8 SS 8 8B SS SB BS BS 8 2 BB G8 8 SS SM SS a BR a a Be SS SB SE MS OS RR RR BAR HB - © O 
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TRUTH TABLE 1: 2; 3; 4, 5, 6 
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x}; xU Lem mL kK K—K KK OK OK 
xixD mr Lol KK KK OK XK 


ae 
alae 


gh 
x 
x< 


NOTES: 
1. Positive Logic: 
S/R =To +1, +To+... +747 
Th =C(l0 1412...) (POP1... P5) 
Either Preset (Active—High) or Output Enable (Active—Low) are available, but not both. The desired function is a user-programmable option. 
T denotes transition from Low-to-High level. 
R= S = High is an illegal input condition. 
=H or L or +10V. 
X = Don't Care (<5.5V). 


AAR WH 


LOGIC FUNCTION VIRGIN STATE THERMAL RATINGS 


The factory shipped virgin device contains all TEMPERATURE 
fusible links intact, such that: 


@2 Q1 Qo 1. PR/OE option is set to PR. Thus, all 
outputs will be at “1”, as preset by initial | Maximum ambient ——_—| 
PRESENT STATE ° 
(sa) power-up procedure. Maximum ambient 
Allowable thermal rise 75°C 
ambient to junction . 


Typical State Transition: 


STATE REGISTER ae a 2. All transition terms are disabled (0). 


En) NEXT STATE 3. All S/R flip-flop inputs are disabled (0). 


4. The device can be clocked via a Test 
Array pre-programmed with a standard 


SET Qo: Sp = (Gig Q,° Up) "ABC... 


Rig 20 | test pattern. 
NOTE: The Test Array pattern MUST be 
MESEr Sy: z *& 104° To) -K-B-C... deleted before incorporating auser 
program. This is accomplished 
HOLD Qo: Sp = 0 automatically by any Signetics qualified 
R2=0 programming equipment. 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 


Supply voltage cartons 
Input voltage ee ae se 
Output voltage a Se ee ee 


Tin | teputcorens 


NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at 
these or any other condition above those indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
O°C < Tarp S +75°C, 4.75V S$ Voc $ 5.25V 


SYMBOL PARAMETER TEST CONDITION | MIN | TyP! | MAX | UNIT 


input voltage 
Voc = MAX Vv 
Voc = MIN Vv 
Voc = MIN, ly =—12mA -0.8 Vv 
Output voltage” 
| Voc = MIN 
Vox High* lou =—-2mA Vv 
VoL Low5 lo. = 9.6mA V 
Input current 
hie High , Vin = 5.5V <1 pA 
li : Low Vin = 0.45V -10 pA 
hi Low (CK input) Vin = 0.45V —50 pA 
Output current 
Voc = MAX 
lo(oFF) Hi-Z state® Vout = 5.5V 40 . pA 
Vout = 0.45V —40 pA 
Short circuit 3.7 Vout = OV mA 
Capacitance® 
Cin pF 
Cout pF 
NOTES 


All typical values | are at Voc = 5V, Tamb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with Vi, applied to OE and a logic high stored, or with Vin applied to PR. 

Measured with a programmed logic condition for which the output is at a low logic level, and V,_ applied to PR/OE Output sink current is 
supplied through a resistor to Vcc. 

Measured with Viy applied to PR/OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


BNO TPON™ 
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AC ELECTRICAL CHARACTERISTICS 
R; = 470, Re = 1kQ, C, = 30pF, 0°C < Tam $ +75°C, 4.75V < Voc $ 5.25V 


LIMITS 


TO PLS105 PLS105A UNIT 


SYMBOL ‘PARAMETER 


Pulse width 


toKH _ Clock? High | CK + CK- 20 
teKL Clock Low CK - CK + 20 
tcp ‘Clock period CK + CK + 40 
tery Preset pulse PR+ PR- 25 


Setup time? 
Input 
Input 
Input — 

Input (through Complement Array) 
Input (through Complement Array) 
Input (through Complement Array) 


' Power-on preset 
Preset 


Hold time 


Ei oa ee ee 


Propagation delay 


tcxo Clock 15 30 15 20 

toe Output enable* 20 30 20 30 

top Output disable* 20 30 20 30 

ter Preset 18 30 18 30 

tppr Power-on preset 0 10 0 10 
Frequency of operation® 

fuax© Without Complement Array 13.9 MHz 
fuaxC With Complement Array 9.8 MHz 

NOTES: 

1. All typical values are at Vcc = 5V, Tamb = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 

3. See “Speed vs. OR Loading” diagrams. 

4. For 3-State output; output enable times are tested with C,; = 30pF to the 1.5V level, and S; is open for high+mpedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy —0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vq + 0.5V) level with S, closed. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


wn 


10% 
OUTPUTS lees = 


MEASUREMENTS: 
All cwcuit delays are measured at the +1.5V level of 
NOTE: inputs and outputs, unless otherwise specified. 


C; and C2 are to bypass Veo to GND. Input Pulses 
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TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 


Interval between clock pulses 


Minimum guaranteed Clock 
period. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


ic 
Ic 


KH 
KL 
tcxp 


Required delay between 
beginning of valid input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 

first reliable clock pulse. 


Sequential Mode 


Required delay between 
negative transition of 
Asynchronous Preset and 
negative transition of Clock 
preceding first reliable clock 
pulse. 


Required delay between 
positive transition of Clock 
and end of valid input data. 


Delay between positive 
transition of clock and when 
outputs become valid (with 

PR/OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


tcKo 


Asynchronous Preset Delay between beginning of 
Output Enable High and 
when outputs are in the 


OFF-State. 


Delay between input Io 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 

Register. 


[Fn + 1] 


Delay between input Ip 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 

Register. 


Delay between positive 
transition of Preset and when 
outputs become valid at “1”. 


vw 
xz 


Delay between Vcc (after 
power-on) and when outputs 
become preset at “1”. 


tpRH Width of preset input pulse. 


Minimum guaranteed 


operating frequency. 


ts 4H 


tppR 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


INTERNAL 


STATE REG. ae ee eae ee eee ame emp ane ee ae ee Ge ee ae ee 


(Ns) 


Q0—-Q5 =a =D GD em GE ams oe =p anew ae ae oe a aw 


tsRE 'sRD 
Vv 


tcKo 


Diagnostic Mode 


SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in 
sequential mode is given by: 


(1/twax) = tcy = tis + texo 


_ This frequency depends on the number of 
transition terms Tp, used. Having all 48 
terms connected in the AND array does 
not appreciably impact performance; but 
the number of terms connected to each 
OR line affects tig, due to capacitive 
loading. The effect of this loading can be 
seen in Figure 1, showing the variation of 

tig; with the number of terms connected 
per OR. 


The PLS105 AC electrical characteristics 
contain three limits for the parameters tis; 
and tiso (refer to Figure 1). The first, tig;a is 
guaranteed for a device with 48 terms 
connected to any OR line. tis;g is 

guaranteed for a device with 32 terms 
connected to any OR line. And tisic is 

- guranteed for a device with 24 terms 
conntected to any OR line. 


The three other entries in the AC table, tiso 
A, B, and C are corresponding 48, 32, and 
24 term limits when using the on—chip 
Complement Array. 


The PLS105A AC electrical characteristics 
contain two limits for the parameters tis; 
and tiso (refer to Figure 2). The first, tisya is 
guaranteed for a device with 24 terms 
connected to any OR line. tisig is 
guaranteed for a device with 16 terms 
connected to any OR line. 


October 16, 1989 


TERMS CONNECTED/OR 


Figure 1. PLS105 tg, vs. 
Terms/OR Connected 


TERMS CONNECTED/OR 


Figure 2. PLS105A ts; vs. 
Terms/OR Connected 
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The two other entries in the AC table, tigo A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 


The worst case of tis for a given application 
can be determined by identifying the OR 
line with the maximum number of T,, 
connections. This can be done by referring 
to the interconnect pattem in the PLS logic 
diagram, typscally illustrated in Figure 3, or 
by counting the maximum number of "H” or 
“L” entries in one of the columns of the 
device Program Table. 


This number plotted on the curve in 
Figure 1 or 2 will yield the worst case tis 
and, by implication, the maximum clocking 
frequency for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 


TRANSITION TERMS Tp, 


(4) 
TERMS/ 


(3) 
NOT 
USED 


Figure 3. Typical OR Array 
interconnect Pattern 
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LOGIC PROGRAMMING 

The PLS105/A devices are fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics’ SNAP and 
SLICE, Data I/O Corporation’s ABEL and 
Logical Devices Inc.'s CUPL design software 
packages. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. | 


PLS105/A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Signetics SNAP and SLICE PLD design 
software packages (PTP module). SLICE is 
available free of charge to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


“AND” ARRAY - (1), (P) 


i, p 
1,P 
Tp : 
Th 


STATE 


INACTIVE! 2 


\ 


“OR” ARRAY —(N), (F) 
Tn | 
~ Dp 
att} 
{action | Cope 
| oO 
a> c 
Gi e 
— T 
| CODE | 
| iwactive®4 [oo 
NOTES: 


c 
c 
Tn 


| ACTION | CODE _ 
| _Generare, | A | 


PRESET/OE OPTION - (P/E) 


P=0 


E=1 (PRESET E 
(ALWAYS DISABLED) 
ENABLED) — 
CODE | OPTION, 
preset’ =| OH a ae 


PROGRAMMING: 

The PLS105/A has a power-up preset feature. This feature insures that the device will power-uf 
in a known state with all register elements (State and.Output Register) at logic High (H). Wher 
programming the device it is important to realize this is the initial state of the device. You mus 


provide a next state jump if you do not wish to use all Highs (H) as the present state. 


i,p 
LP . 
| uP 
; Th 


a 
[pontcane [| - | 


c 
c 
Tn 


| ACTION | CODE _ 
|_propacare. | ¢ | 


| TRANSPARENT | - | 


1. This is the initial unprogrammed state of all links. 
2. Any gate T,, will be unconditionally inhibited if both the true and complement of any input (1 or P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 


flip-flop truth tables). " 


4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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w 
«x 
< 
a 
77) 
z 
< 
c 
~ 


DON'T CARE 


< 
< 
a. 
o 
c 
a. 


PROGRAM TABLE ENTRIES 


SIGNETICS DEVICE # CF (XXXX) 


EY 
= 
oe 
aw 
QO - 
Te 
=j a 
om s 
ies 
cf 
> 
ow 
c= 
Ww => 
== 
a 
pa 
aé 
O - 


uJ 
~ 
< 
= 
= 
< 
g 
x 
a. 
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PROGRAM TABLE 
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iw 
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<< 
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1 
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=! 
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i 

‘ 

1 
2 Oe eee er Rebbe. chai Sno Ea Iota 
Beye ah (pe eed ath eso ee rOL EL eee ST aT T | ea eal ep 
St ee eee ee ee 
er a eed tap PERGRRAARERRE 
# So et : | BEGRRERNE 
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shown BLANK instead for clarity. 


1. The FPLS is shipped with all links initially intact. Thus, a background of “O” for all Terms, and an “H”™ for the P/E option, exists in the table, 
2. Unused Cp, Im, and P, bits are normally programmed Don't Care (—). 


3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic type programmers. 


NOTES: 
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TEST ARRAY 
The PLS105/A may be subjected to AC and 


DC parametric tests prior to programming D 


(In + Fr)Fn 


via an on-chip test array. 


The array consists of test transition terms 


48 and 49, factory programmed as shown (In: Fr)/Fn Qn: FrFn 
below. 
Testing is accomplished by clocking the (ss ) 
PLS105/A and applying the proper input oe 
sequence to |0 — 115 as shown in the test a (In + FoF py 
Circuit timing diagram. 
State Diagram PLS Under Test 


OPTION (P/E) HY 


Test Array Program 


4.75 2 
Vcc 
ov 
tvs acs tCKL 

Both terms 48 and 49 must be deleted p 4 . VI 

during user programming to avoid interfering CLK ay od a | 

with the desired logic function. This is Vit 

accomplished automatically by any : 

Signetics’ qualified programming equipment. eck VIM 
VIL 
3V 

FO-7 


_ HIGH 
STATE VY, 
REGISTER 
ie woeoeceerenecoenere ld LOW 


Test Circuit Timing Diagram 


i INPUT (im) 
5 


TTT; PRESENT STATE (Ps) 
al3}2tito sl7[e6él5]4]13]elilo{[51413fe2]T1]10 
pe fT - FRI RTHIHI HTH HTH HHT HHH THR HTH HTH THY HH | 
po te Fee eee ee ge ge fe fete fegege fee ge fegeqyefe de | 


OPTION (P/E) 


NEXT STATE (Ns) OUTPUT (Fr) 


4,;3;2]/11]0 
peers eee pres [tee 
esas eee] 


5 
= 
=a 


Test Array Deleted 
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DESCRIPTION 

The PLUS105-45 is a bipolar programmable 
state machine of the Mealy type. Both the 
AND and the OR array are user- 
programmable. All 48 AND gates are 
connected to the 16 external dedicated inputs 
(l0-115) and to the feedback paths of the 6 
buried State Registers (Qp9-Qps). Because 
the OR array is programmable, any one or all 
of the 48 transition terms can be connected 
to any or all of the State and Output 
Registers. 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. A Complement Transition 
Array supports complex IF-THEN-ELSE state 
transitions with a single product term. 


The PLUS105-45 device features 
edge-triggered, J-K flip-flops, which provide 
the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. 
Because the J-K function is a superset of the 
S-R flip-flop function, the PLUS 105-45 is 
backward compatible with all 105-type 
devices that have S-R flip-flops. 
Asynchronous Preset/Output Enable 
functions are available. 


The PLUS105-45 is pin-for-pin and software 
compatible with the Signetics PLS105 and 
PLS105A Logic Sequencers, as well as other 
commercially available 105-type 
programmable logic devices. 


To facilitate testing of state machine designs, 
diagnostic mode features for register preset 
and buried state register observability have 
been incorporated into the PLUS105-45 
device architecture. 


Ordering codes are listed in the Ordering 
Information Table. 


ORDERING INFORMATION 


28-pin Plastic Dual-In-Line, 600mil-wide 
28-pin Plastic Dual-In-Line, 300mil-wide 


January 2, 1992 


28-pin Plastic Leaded Chip Carrier, 450mil-square 


FEATURES 
@ 45MHz operating frequency 
— 55.6MHz clock rate 
~— No OR term loading restrictions 


® Available in 300mil skinny DIP, 
600mil-wide Plastic DIP and PLCC 
packages 


© Pin and software compatible with other 
commerically available 105 logic 
sequencers 


® 16 input variables 

@8 output functions 

® 48 transition terms 

® 6-bit State Register 

® 8-bit Output Register 

@ Transition complement array 


® Positive edge-triggered clocked J-K (or 
S-R) flip-flops 


® Security fuse 


®@ Programmable Asynchronous Preset or 
Output Enable 


© Power-on preset (to all 1"s) of internal 
registers 


© Power dissipation: 800mW (typ.) 
® TTL compatible 

® Single +5V supply 

© 3-State outputs 


APPLICATIONS 

® Interface protocols 

® Sequence detectors 

® Peripheral controllers 

® Timing generators 

© Sequential circuits 

@ Elevator controllers 

® Security Locking systems 
® Counters 


@ Shift registers 


DESCRIPTION ORDER CODE 
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PLUS105—-45A 


PIN CONFIGURATIONS 


N Packages 


N = Plastic DIP (600mil-wide) 
N3 = Plastic DIP (300mil-wide) 


A Package 


is 6 I7 CLKVccls 19 


FS F4 GND F3 F2 F1 FO 


A = Plastic Leaded Chip Carrier 
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FUNCTIONAL DIAGRAM 


PIN DESCRIPTION 


| PINNO. | SYMBOL | - NAME AND FUNCTION POLARITY 


CLK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this line Active- 
is necessary to update the contents of both state and output registers. High (H) 


2-9, 26, 27 10 - 19, Logic Inputs: The 13 extemal inputs to the AND array used to program jump conditions Active-High/ 
20-22 113-115 between machine states, as determined by a given logic sequence. True and complement Low (H/L) 
signals are generated via use of “H” and “L”. 


23 112 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When 1I12 is held at +10V, device outputs FO - F5 reflect the Low (H/L) 
contents of State Register bits Po - Ps. The contents of each Output Register remains unaltered. 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When I11 is held at +10V, device outputs FO - F5 become direct | Low (H/L) 
inputs for State Register bits Pg - P; a Low-to-High transition on the clock line loads the values 

on pins FO - F5 into the State Register bits Pp - Ps. The contents of each Output Register 

remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When 110 is held at +10V, device outputs FO - F7 become Low (H/L) 
direct inputs for Output Register bits QO - Q7; a Low-to-High transition on the clock line loads 

the values on pins FO - F7 into the Output Register bits QO - Q7. The contents of each State 

Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which normally Active- 
reflect the contents of Output Register bits QO - Q7, when enabled. When 112 is held at +10V, High (H) 
FO - F5 = (Po - Ps). When 111 is held at +10V, FO - F5 become inputs to State Register bits 

Po - Ps. When 110 is held at +10V, FO - F7 become inputs to Output Register bits QO - Q7. 


Preset or Output Enable Input: 
A user programmable function: 


© Preset: Provides an asynchronous preset to logic “1” of all State and Output Register bits. 
PR overrides Clock, and when held High, clocking is inhibited and FO - F7 are High. Normal 
clocking resumes with the first full dock pulse following a High-to-Low clock transition, after the 
Preset signal goes low. See timing definitions. 


© Output Enable: Provides an output enable function to buffers FO - F7 from the Output 
Registers. 
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TRUTH TABLE 1: 2; 3; 4, 5, 6 


H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 


- 
» 


NOTES: 

1. Positive Logic: 

J-K (or S/R) = To +1; +To +... T47 

Tn = (Co) (10, 11, 12, ...) (Po, Py, ...Ps5) ° 

Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 
denotes transition from Low-to-High level. 

*=HorLor+10V 

X = Don't Care (< 5.5V) 


When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


Onr wn 


VIRGIN STATE 

A factory-shipped virgin device contains all 

fusible links intact, such that: 

1. PR/OE option is set to PR. Note that even 
if the PR function is not used, all registers 
are preset to “1” by the power-up 
procedure. 


2. All transition terms are disabled (0). 
3. All J-K flip-flop inputs are disabled (0). 
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COMPLEMENT ARRAY DETAIL The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating — 
IF-THEN-ELSE logic statements with a 


minimum number of product terms. 


P47 P46 Pas@e@eCe py pO 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A* /B* /C) and (A + B +C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 


TO OR ARRAY 


THERMAL RATINGS 
TEMPERATURE 
Maximum junction 
Maximum ambient 


Allowable thermal rise ambient to junction 


ce 
suppres 
[rpuvetege 
a 
=a 


) 
a 
[esr [ Ovpitemens di 
Taw | Onvategtenperverange |e | 
Tag [Stage tpertrornge ‘| a8 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High — 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine to a 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very. . 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. | 


LOGIC FUNCTION 


Q3 Q2 Q1 Qo 


Fr fos fo i PRESENT STATE 


STATE REGISTER 


eTefe ds =e NEXT STATE 


SET Qo: Jo = (G2 * Qy° Gq) °A-B-C... 


Ko =0 
RESET Q;: dis =0 
Ky = (Q3 °G2° Qy° Go) -A-B-C. 


HOLD Qo: J2 =0 
Kg=0 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tam S 75°C, 4.75V < Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION aa De [a UNIT 


Input voltage 
Voc = MAX 
Voc = MIN 
Voc = MIN, lin =—-12mA 


Output voltage? 


Vou High 
Vo Low 


Voc = MAX 
NH High Vin = Voc 
hie Low Vin = 0.45V 


Output current 
Vcc = MAX 
lo(oFF) Hi-Z state Vout = 2.7V 
Vout = 0.45V 
Short circuit? 4 Vout = OV 


2 


Capacitance 
pF. 
pF 


1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Duration of short circuit should not exceed 1 second. 

5. Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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Se ELECTRICAL CHARACTERISTICS 
= 4709, Ro = 1kQ, C, = 30PF, 0°C < Tamb S$ +75°C, 4.75V < Voge $5.25V 


| UMTS | 
fomwos| meen | snow | ne Pap mY wr 


Pulse Width 
Clock High 
Clock Low 
Clock Period 


Preset pulse 


Input 
Input (through Complement Array) 
Power-on preset 
Clock resume (after preset) 
Clock lockout (before preset) 
Hold Time 
a i re Poke Tmt To Ts TT = 
Diagnostic Mode 


Rane : ; 110, 111 of 112+ 
Initialization of diagnostic mode (to 10V) F, as inputs 


Clock for diagnostic mode CK + Register input jam 
Propagation Delay? 

Clock Output + 

Output enable? Output — 

Output disable2 Output + 

Preset ~ Output + 


Power-on preset Output + 


Without 1 | 
Complement Array (| Input Output + - 


Complement Array 


: Input 
me (—..,] thru Complement Output + 


tis2 + tcxo Array + 


Internal feedback 1 
without Complement ={ —————— Register Output + Register Input + 
Array tex. + tckH 


with Complement Array | tiga thru Complement | Register Input + 


Internal feedback 1 Register Output 
Array + 


Clock frequency CK + CK + 


NOTES: 

1. All typical values are at Voc = 5V, Tanp = +25°C. 

2. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
Closed for high-impedance to Low tests. Output disable times are tested with C = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S,; closed. 

3. All propagation delays and setup times are meausred and specified under worst case conditions. 
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TIMING DIAGRAMS 


+3V 
ov 
§H ts 
+3V 
CLK 1.5 1.5V J 1.5V 
ov 
tCKH tCKL 
tcKP 
Es GE aes oD aD Vou 
Fo — F7 1.5V 1.5V 
tcKo f VoL 
fax 
+3V 
OE 1.5V 1.5V 
hose a 


toE 


+3V 


0-115 
ov 


CLK 


tpas-*{*INVC [exo 


'PRH 


+3V 


Asynchronous Preset 


+5¥ 
4.5V 
Voc / 
ov 
tppR 
N y ee: 
FO-F7 NAYS [Fn + 1) 
: You 
+3V 
CLK 
tvs 
fMAX ay 
0-115 1.5 1.5V 
ov 
us 4H 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


110 


FO - F7 
(INPUTS) 


CLK 


CUAL 


Diagnostic Mode—Output Register Input Jam 


= ie 


t 
a +3V 
CLK 1.5V. 1.5V 
ov 


NAL ZL Zon 


Diagnostic Mode—Siate Register Input Jam 


10-111, +3V 
113 -115 1.5V 
ov 
8.0V 8.0V 
+3V 
. +3V 
CLK 1.5V 1.5V . 
ov 
STATE REG. OH 
qi (Ns) 
~ {SRE tsap~ > 7 
We 7 OH 
| 7 LD ie 
cKO 


Diagnostic Mode—State Register Outputs 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 


Required delay between 
positive transition of Clock and 
end of valid Input data. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 


Width of input clock pulse 
Interval between clock pulses. 


Delay between positive 
transition of Clock and when 
Outputs become valid (with 

PRIOE Low). 


"Required delay between the 
negative transition of the clock 
and the negative transition of 

the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 

| negative transition. 


TEST LOAD CIRCUITS 


NOTE: 
C1 and Co are to bypass Voc to GND. 


LOGIC PROGRAMMING 

PLUS 105-45 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Signetics’ SLICE and SNAP 
design software packages. ABEL™, CUPL™ 
and PALASM@ 90 design software packages 
also support the PLUS 105-45 architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 


ABEL is a trademark of Data /O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Com. 
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SYMBOL PARAMETER 


Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 


Delay between positive 
transition of Preset and when 
Outputs become valid at “1”. 


Width of preset input pulse. 


Required delay between 
negative transition of 
Asynchronous Preset and the 
first positive transition of 
Clock. 


Required delay between 
positive transition of clock and 
the end of valid input data 
(FO—-F7 as inputs), when 
jamming data into the State or 
Output registers in the 
Diagnostic Mode. 


~ CUPL also accept, as input, schematic 


capture format. 


PLUS105-45 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SLICE only. The SLICE design 
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SYMBOL PARAMETER | 


Required delay between 
positive transition of clock and 
return of input 110, 111 OR 112 
from Diagnostic Mode (10V). 


Required delay between 
inputs 110, 111 or 112 transition 
to Diagnostic Mode (10V), and 
when the output pins become 

available as inputs. 


Delay between input (112) 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 


Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 

Register. 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 

first reliable clock pulse. 


Minimum guaranteed clock 
frequency (register toggle 
frequency) 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


package is available, free of charge, to 
qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 
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PRESET/OE OPTION -— (P/E) 


PR/OE | 
= (PRESET 
(ALWAYS iSABLED 
a ENABLED) ° es 


| preser! |] oH 


PROGRAMMING THE PLUS105—45: 
The PLUS105—45 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 


device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 


“AND” ARRAY - (I), (P) 


i,p 
1,P 
“5 Lp 
Tn 


| STATE ~— | CODE | 
| ponTcaRE | - | 


c 
Tn 
AeTION | cone] 
TRANSPARENT {| - | 


NOTES: 

1. This is the initial unprogrammed state of all link pairs. 

2. Any gate T, will be unconditionally inhibited if both the true and complement fuses of any input (1,P) are left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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PLUS105 PROGRAM TABLE 


PROGRAM TABLE ENTRIES 


CUSTOMER NAME 


PROPAGATE 


: 
> 
>< 
x 
UL 
© 
te 
uw 
O 
> 
iy 
ra 
4) 
ir 
2 
9 
w 


% 
- 
q 
aw 
= 
gE 
Sz 
rors 
m 0 
ce 
> 
oo 
cs 
Ww => 
z2 
ez 
a5 
OF 


uj 
od 
< 
= 
= 
< 
g 
c 
a. 


PURCHASE ORDER # 


TRANSPARENT’ 


DON’T CARE 


OUTPUT (Fr) 
La 
ae 
ee 
esque 
cage] 
aa 
aa 
eas =] 
zz 
fee 
mae 
aes 
Pepe 
aa 
bpd 
aie 
ew 
| 
pe 
ee 
aaa 
P| 
letag 
ae 
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| | 
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ma 
a 
ng 
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SCRA ease Pere ale) s Te) Te Un er aL Tish ee 5 ee) 
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REMARKS 


PRESENT STATE (Ps) 
2 
His) 
me 
fe 
ee 
Ea 
= 
= 
= 
| | 
Cs 
= 
St 
fet 
f= 
a 
a 
fed 
fat 
a 
tl 
cal 
im 
= 
a 
me 
be 
a 
| | 
i 
= 
ie 
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Pea eee ee ae iC ee ya ero kanal awvn 16 
ATEVINVA 157 
= 


shown BLANK instead for clarity. 


1. The nice is shipped with all links initially intact. Thus, a background of “0" for all Terms, and an “H” for the P/E option, exists in the table, 
2. Unused Cy, Im, and Ps bits are normally programmed Don't Care (-). 


3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic type programmers. 
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DESCRIPTION 

The PLUS 105-55 is a bipolar programmable 
state machine of the Mealy type. Both the 
AND and the OR array are user- 
programmable. All 48 AND gates are 
connected to the 16 external dedicated inputs 
(lO - 115) and to the feedback paths of the 6 
buried State Registers (Qp9-Ops). Because 
the OR array is programmable, any one or all 
of the 48 transition terms can be connected 
to any or all of the State and Output 
Registers. 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. A Complement Transition 
Array supports complex IF-THEN-ELSE state 
transitions with a single product term. 


The PLUS 105-55 device features 
edge-triggered, J-K flip-flops, which provide 
the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. 
Because the J-K function is a superset of the 
S-R flip-flop function, the PLUS 105-55 is 
backward compatible with all 105-type 
devices that have S-R flip-flops. 
Asynchronous Preset/Output Enable 
functions are available. 


The PLUS105-55 is pin-for-pin and software 
compatible with Signetics PLS105 and 
PLS105A Logic Sequencers, as well as other 
commercially available 105-type 
programmable logic devices. 


To facilitate testing of state machine designs, 
diagnostic mode features for register preset 
and buried state register observability have 
been incorporated into the PLUS105-55 
device architecture. 


Ordering codes are listed in the Ordering 
Information Table. 


ORDERING INFORMATION 


FEATURES 
@ 55MHz operating frequency 
- 71.4MHz clock rate 
— No OR term loading restrictions 


@ Available in 300mil skinny DIP, 600mil-wide 
DIP, and PLCC packages 


® Pin and software compatible with other 
commerically available 105 sequencers 


PIN CONFIGURATIONS 
N Packages 


® 16 input variables 

® 8 output functions 

© 48 transition terms 

® 6-bit State Register 

© 8-bit Output Register 

® Transition complement array 


© Positive edge-triggered clocked J-K (or 
S-R) flip-flops 


e Security fuse N = Plastic DIP (600mil-wide) 


N3 = Plastic DIP (300mil-wide) 
@ Programmable Asynchronous Preset or 
Output Enable A Package 


© Power-on preset to (all 1”s) of internal IS & I7 CLKVccls I9 


registers 
®@ Power dissipation: 800mW (typ.) 
@ TTL compatible 
@ Single +5V supply 
© 3-State outputs 


APPLICATIONS 
® interface protocols 


FS F4 GND F3 F2 F1 FO 
A = Plastic Leaded Chp Carrier 


®@ Sequence detectors 


® Peripheral controllers 

® Timing generators 

© Sequential circuits 

© Elevator controllers 

® Security Locking systems 
© Counters 


® Shift registers 


| DESCRIPTION 
28-pin Plastic Dual-In-Line, 600mil-wide 
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28-pin Plastic Dual-In-Line, 300mil-wide 
28-pin Plastic Leaded Chip Carrier, 450mil-square 


ORDER CODE 
PLUS105-55N 
PLUS105-55N3 
PLUS105-55A 
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FUNCTIONAL DIAGRAM 


| NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active- 
line is necessary to update the contents of both state and output registers. High (H) 


2-9, 26, 27 Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-High/ 
20-22 between machine states, as determined by a given logic sequence. True and complement Low (H/L) 
. signals are generated via use of “H” and “L”. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When I12 is held at +10V, device outputs FO - F5 reflect the Low (H/L) 
contents of State Register bits PO - PS. The contents of each Output Register remains 

unaltered. 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL tevels. When 111 is held at +10V, device outputs FO - F5 become Low (H/L) 
direct inputs for State Register bits PO - P5; a Low-to-High transition on the clock line loads 

the values on pins FO - F5 into the State Register bits PO - P5. The contents of each Output 

Register remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When 110 is held at +10V, device outputs FO - F7 become Low (H/L) 
direct inputs for Output Register bits QO - Q7; a Low-to-High transition on the clock line loads 

the values on pins FO - F7 into the Output Register bits QO - Q7. The contents of each State 

Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active- 
normally reflect the contents of Output Register bits QO - Q7, when enabled. When 112 is High (H) 
held at +10V, FO - F5 = (PO - P5). When 111 is held at +10V, FO - F5 become inputs to State 

Register bits PO - P5. When 110 is held at +10V, FO - F7 become inputs to Output Register 

bits QO - Q7. 


Preset or Output Enable Input: 
A user programmable function: 


© Preset: Provides an asynchronous preset to logic “1” of all State and Output Register —- Active- 
bits. PR overrides Clock, and when held High, clocking is inhibited and FO - F7 are High. High (H) 
Normal clocking resumes with the first full clock pulse following a High-to-Low clock 
transition, after the Preset signal goes Low. See timing definitions. . 


© Output Enable: Provides an output enable function to buffers FO - F7 from the Output Active- 
Registers. Low (L) 
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TRUTH TABLE? 2,3, 4,5, 6 


Cu 
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i) 
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" 
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X 
‘) 
t 
tT 
a‘) 
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< | «eK KK KOK 
x | K K KK 


~x< 


1. Positive Logic: 

J-K (or S/R) = To +7, +To +... Tag 

Tp = (Co) (10, 11, 12, ...) (Po, Py, ...Ps) i. 

Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 
T denotes transition from Low-to-High level. 

*=HorLor+10V 

X = Don't Care (< 5.5V) 


When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


Oar wn 


VIRGIN STATE | 
A factory-shipped virgin device contains all 
fusible links intact, such that: 
1. PR/OE option is set to PR. Note that 
even if the PR function is not used, 
all registers are preset to “1” by the 
power-up procedure. 


2. All transition terms are disabled (0). 
3. All J-K flip-flop inputs are disabled (0). 
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OR gate inputs with a blown fuse float to logic “0”. 


= Programmable connection. 


. All AND gate inputs with a blown link float to a logic “1°. 
All 


1 
2. 
3 
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COMPLEMENT ARRAY DETAIL 


P47 P46 Pages 


TO OR ARRAY 


THERMAL RATINGS 


The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A* /B* /C) and (A +B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 


TEMPERATURE 


Maximum junction 


Maximum ambient 


Allowable thermal rise ambient to junction 


Operating temperature range 
Storage temperature range 


NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in tum to preset the state machine to a 
known state. Without the complement array, | 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. 


LOGIC FUNCTION | 


Q3 Q2 Q1 QO 


STATE REGISTER 


eTeTo[e] Gx) mexrsie 


SET Qo: Jo = (2° Q]°Gq) -A°B-C... 
Kg =0 


RESET Q3:J7=0 
Ky =(Q3°G2q-Q,°Gg) °A-B-C... 


PRESENT STATE 
kK: 


B-c:... 


HOLD Qo: J2=0 
K2=0 


RESET Q3: J3 = (Q3 ° Go - Q,- 
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DC ELECTRICAL CHARACTERISTICS 
O°C S$ Tam $ 75°C, 4.75V < Voc $ 5.25V 


LIMITS 
SYM BOL PARAMETER TEST CONDITIONS 


Input voltage | 


Vin i Vec = MAX © V 
Viv | So ’ Voc = MIN Vv. 
Vic ‘ Voc = MIN, lin = —12mA . V 


Output voltage 
Voc = MIN 
ied lou =—2mA 
a current 


Output current 


Voc = MAX 
Hi-Z state | Vout = 2.7V 


Vout = 0.45V 
Short circuit? 4 Vout = OV 


ae a NS Gas 2 oe 


Capacitance 


pF 
pF 


1. All typical values are at Voc = 5V, Tamnb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Duration of short circuit should not exceed 1 second. 

5. Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 
R; = 4702, Ro = 1KQ, C, = 30pF, 0°C < Tam S$ +75°C, 4.75V < Vog $ 5.25V 


a ae 
Pe ee ee ceca 


Pulse Width 


tCKH Clock High CK + CK— 7 6.5 
toKL Clock Low CK - CK + 7 6.5 
toxp Clock Period CK + CK + 14 13 
tprRH Preset pulse PR + PR—- 10 8.0 
CK + 10 9.5 
CK + 20 18.0 
CK — 0 0 
CK -— 0 0 
PR- 12 10.0 
Hold Time _ 


Pw [wee SC~iSC‘i dC Cd Cd 


Diagnostic Mode 


see se : , 110, 111 or 112 : 
Initialization of diagnostic mode (to 10V) - F, as inputs 
Clock for diagnostic mode CK + Register input jam 


Clock Output + 


Input 
Input (through Complement Array) 
Power-on preset 


Clock resume (after preset) 


Clock lockout (before preset) 


Output enable? Output — 
Output disable? Output + 
Preset Output + 


Power-on preset Output + 


Frequency of Operation 


Input + Output + 


Without a 
Complement Array tis: + tcxo 


Input 
thru Complement 
Array + 


With 1 
Complement Array (—-} Output + 


Internal feedback 1 
without Complement {————— Register Output + Register Input + 
Array tox. + tcKH 


Internal feedback 1 Register Output 
with Complement Array (5) thru Ma Register Input + 


Clock period CK + CK + 


NOTES: 

1. All typical values are at Voc = 5V, Tam = +25°C. 

2. All propagation delays and setup times are meausred and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Vox — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 
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TIMING DIAGRAMS 


+3V 


ov 
tH tis 
+3V 
CLK 1.5V 1.5V , 1.5V 
ov 
CKH (CKL 
tcKP 
FO ~ F7 1.5V 1.5V 
tcKo f VoL 
fMAX 
+3V 
CE 1.5V 1.5V 
bean ay 
toe 
Sequential Mode 


+3V 
0-115 


CLK 


tprs-*{+tnve [+ texo 
mo . INE 


tPRH 


+3V 
ov 
Asynchronous Preset . 


+5V 
4.5V 


ov 

VOH. 
VOL 

+3V 


OV 


+3V 
10-115 


ov 
ts 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


8.0V 8.0V 


110 


ia 


CLK 


(252 CM LLL 1 


- Diagnostic Mode—Output Register Input Jam 


neat LLL IIL. 


(338) LLL We "a ie 


Diagnostic Mode—State Register Input Jam 


+3V 
113-115 1.5 
ov 
== Gu OND cae ease +10V 
8.0V 8.0V 
+3V 
+3V 
CLK 1.5V 1.5V 
OV 
INTERNAL e=@ @ep ad __CKH am Gm> 4D GED Gu aE GR? GED GE? GEEP GED GEE GED Guise GED 
STATE REG. a NS) Vou 
Q0—- 05 a= a= ameamemd “amb a== cue ame que ae a= Gp emp OF 2 © Oe ee ow oe VoL 
tSRE 
- ne 
é' Y VOL 


Diagnostic Mode—State Register Outputs 
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TIMING DEFINITIONS 


Required delay between 
positive transition of Clock and 
end of valid Input data. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 


Width of input clock pulse 
Interval between clock pulses. 


Delay between positive 
transition of Clock and when 
Outputs become valid (with 
P Low). 


Minimum guaranteed clock 
period. 


Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


NOTE: 
C and Co are to bypass Vcc to GND. 


LOGIC PROGRAMMING 

PLUS 105-55 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Signetics’ SLICE and SNAP 
design software packages. ABEL™, CUPL™ 
and PALASM@® 90 design software packages 
also support the PLUS 105-55 architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Com. 
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Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 


Delay between positive 
transition of Preset and when 
Outputs become valid at “1”. 


Required delay between 
negative transition of 
Asynchronous Preset and the 
first positive transition of 
Clock. 


Required delay between 
positive transition of clock and 
the end of valid input data 

(FO — F7 as inputs), when 
jamming data into the State or 
Output registers in the 
Diagnostic Mode. 


CUPL also accept, as input, schematic 
capture format. 


PLUS105-55 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP and SLICE only. The 
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Required delay between 
positive transition of clock and 
return of input 110, 111 or 112 
from Diagnostic Mode (10V). 


Required delay between 
inputs 110, 111 or 112 transition 
to Diagnostic Mode (10V), and 
when the output pins become 
available as inputs. 


Delay between input (112) 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 


Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 


Minimum guaranteed clock 
frequency (register toggle 
frequency) 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


SLICE design package is available, free of 
charge, to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 
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PRESET/OE OPTION - (P/E) 


PR/OE 
Pp P=0 
a (PRESET 
(ALWAYS DISABLED) 
= ENABLED) 


PROGRAMMING THE PLUS105-55: 

The PLUS105-55 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 7 


“AND” ARRAY - (1), (P) 


a 
Th 


[stare [_ cove } a 
wactwet? [0 LP [powtcane [| - 


“OR” ARRAY - (N), (F) 


| CODE | 
| propacare | ° | | |_TRANSPARENT_ 


NOTES: 

1. This is the initial unprogrammed state of all link pairs 
2. Any gate T,, will be unconditionally inhibited if both the true and complement fuses of any input (1,P) are teft intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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OUTPUT (Fr) 


OPTION (P/E 
7 
a 
ia 
fo 
= 
ol 
aes 
ma 
i 
me 
ae 
|| 
| 
ea 
a 
ea 
z= 
= 
bas 
a 
peal 
aa 
Ps 
es 
ie 
ball 
ae 
= 
pil 
I 
sw 
iz 
= 
ea 
i 
= 
ae 
ae sll 
as 
= 
|__| 
|_| 
pe 
|| 
Ea 
i 
ial 
= 
a 


PRESET 


| 
NEXT STATE (Ns) 
2 
as 
roe 
ia 
ey 
= 
bo 
| 
me 
= 
me) 
me 
| 
me 
= 
ae 
il 
re 
oe 
| 
| 
= 
- 
a 
isl 
od 
- 
he 4 
es 
ae 
pcs 
| 
|__| 
= 
ea 
= 
= 
fe 
a 
Be 
es 
ae 
ee 
ical 
Pa 
| 
= 
raed 
it 


lm Ps | 


REMARKS 
aa ere 
ese oat 
eee ed 
ee eee eee 
ee eee 
eee eee 
Pere 
fest ee 
Par Saae 
ee | 
[is on 
iy 
ee oo eel 
eee el 
[eS eee ee 
eee ee ee al 
see | 
Pe crete a eee | 
i ec eee 
eae eee eel 
eee 
De ee ee 
eee ol 
eee 
feet eB Shih al 
ee ere 
ae erate 
US eee 
fe tee ae ad] 
eins ape ea) 
fog a ee 
ae! 
See ee eee | 
arses 
aaa 
Ie gin pad eee tena 
ey 
Pia T att 
Piet oe eee 
Paes atte Ct 
La es) 
eee el 
Peete ase ascot 
foes eee need 


GENERATE 
PROPAGATE 
TRANSPARENT’ 
1P 

DON'T CARE 


PRESENT STATE (P,) 
2 
= 
bs = 
i 
Be 
= 
= 
= 
5. 
= 
ea 
= 
|| 
a 
me 
ce 
= 
= 
ie) 
= 
= 
- 
= 
| 
= 
ae 
= 
fea! 
= 
= 
mm 
id 
a 
bil 
= 
= 
ial 
a 
= 
= 
= 
= 
i 
| 
= 
Ps 
= 
= 
| 


ee SE ee ea Tee ae TCT Mai aE 
‘LTRS ARTE RT ARR RRR RATER Bae ARE 
CHR RRELOAE AERA A ERAN RRR RES a Rees 
ele alee VSS TET ETO a sale (each del seed Pel cla Misa ets Je fee coal 


: 
>< 
> 
> 
LL 
Oo 
% 
Ww 
Q 
> 
ty 
a 
g 
fi 
Z 
9 
a 


% 
rie 
< 
aw 
= 
Gy & 
S< 
O uw 
m6 
cf 
~ 
oO oo 
es 
Ww > 
=z 
- = 
Zs 
or 


Lid 
and 
< 
= 
= 
< 
g 
jeg 
a. 


CUSTOMER NAME 
PURCHASE ORDER # 


= 
= 


420 


The device is shipped with all links initially intact. Thus, a background of “0” for all Terms, and an “H” for the P/E option, exists in the table, 


shown BLANK instead for clarity. 


2. Unused Cp, Im, and Ps bits are normally programmed Don't Care (-.). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic type programmers. 


NOTES: 
January 2, 1992 
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DESCRIPTION 

The PLUS405 devices are bipolar, 
programmable state machines of the Mealy 
type. Both the AND and the OR array are 
usef-programmable. All 64 AND gates are 
connected to the 16 external dedicated inputs 
(10 - 115) and to the feedback paths of the 8 
on-chip State Registers (Qpp - Qp7). Two 
complement arrays support complex 
IF-THEN-ELSE state transitions with a single 
product term (input variables CO, C1). 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. All AND gates are merged 
into the programmable OR array to issue the 
next-state and next-output commands to their 
respective registers. Because the OR array is 
programmable, any one or all of the 64 
transition terms can be connected to any or 
all of the State and Output Registers. 


All state (Qpo - Qp7) and output (Qo - Q¢7) 
registers are edge-triggered, clocked J-K 
flip-flops, with Asynchronous Preset and 
Reset options. The PLUS405 architecture 
provides the added flexibility of the J-K toggle 
function which is indeterminate on S-R 
flip-flops. Each register may be individually 
programmed such that a specific 
Preset-Reset pattern is initialized when the 
initialization pin is raised to a logic level “1”. 
This feature allows the state machine to be 
asynchronously initialized to known internal 
state and output conditions, prior to 
proceeding through a sequence of state 
transitions. Upon power-up, all registers are 
unconditionally preset to “1”. If desired, the 
initialization input pin (INIT) can be converted 
to an Output Enable (OE) function as an 
additional user-programmable feature. 


Availability of two user-programmable clocks 
allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 


Order codes are listed in the Ordering 
Information Table. 


ORDERING INFORMATION 


DESCRIPTION 


28-Pin Plastic DIP (600mil-wide) 
28-Pin Plastic DIP (600mil-wide) 
28-Pin Plastic Leaded Chip Carrier 
28-Pin Plastic Leaded Chip Carrier 


FEATURES 
® PLUS405-37 
— fuax = 37MHz 
— 50MHz clock rate 


® PLUS405-45 
— fuax = 45MHz 
— 58.8MHz clock rate 


© Functional superset of PLS 105/105A 
© Field-programmable (Ti-W fusible link) 
@ 16 input variables 

® 8 output functions 

® 64 transition terms 

® 8-bit State Register 

® 8-bit Output Register 

® 2 transition Complement Arrays 

@ Multiple clocks” 


® Programmable Asynchronous Initialization 
or Output Enable 


© Power-on preset of all registers to “1” 


® “On-chip” diagnostic test mode features for 
access to state and output registers 


@ 950mW power dissipation (typ.) 
© TTL compatible 

@ J-K or SR flip-flop functions 

®@ Automatic “Hold” states 

@ 3-State outputs 


APPLICATIONS 

® Interface protocols 

@ Sequence detectors 

® Peripheral controllers 

@ Timing generators 

® Sequential circuits 

@ Elevator contollers 

® Security locking systems 
© Counters 


® Shift registers 


*Reter to AC Specifications for clock and operating frequencies when using multiple clocks. 


February 27, 1991 


422 


PIN CONFIGURATIONS | 


N Package 


N = Plastic DIP (600mil-wide) 


A Package 


IS/CLK 16 17 CLK Vcc 18 


A = Plastic Leaded Chip Carrier 
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PIN DESCRIPTION 


Silt SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this | Active-High (H) 
line is necessary to update the contents of both state and output registers. Pin 1 only 
clocks PO-3 and FO-3 if Pin 4 is also being used as a clock. 


1014, 17, 16 
Igt9 
113-115 


CLK2 


Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L”. 


Active-High/Low 
(H/L) 


Logic Input/Clock: A user programmable function: 


Active-High/Low 
(H/L) 


Active-High (H) 


® Logic Input: A 13th external logic input to the AND array, as above. 


® Clock: A 2nd clock for the State Registers P4—7 and Output Registers F4—7, as above. 
Note that input buffer I, must be deleted from the AND array (i.e., all fuse locations “Don't 
Care”) when using Pin 4 as a Clock. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 112 is held at +10V, device outputs FO-F7 
reflect the contents of State Register bits PO-P7. The contents of each Output Register 
remains unaltered. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When I11 is held at +10V, device outputs FO-F7 become 
direct inputs for State Register bits PO-P7; a Low-to-High transition on the appropriate 
clock line loads the values on pins FO-F7 into the State Register bits PO-P7. The contents 
of each Output Register remains unaltered. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL levels. When |, is held at +10V, device outputs FO-F7 become 
direct inputs for Output Register bits Q0-Q7; a Low-to-High transition on the appropriate 
clock line loads the values on pins FO-F7 into the Output Register bits Q0-Q7. The 
contents of each State Register remains unaltered. 


Active-High/Low 
(H/L) 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which 
normally reflect the contents of Output Register Bits QO—-Q7, when enabled. When |12 is 
held at +10V, FO-F7 = (PO-P7). When 111 is held at +10V, FO-F7 become inputs to State 
Register bits PO-P7. When 110 is held at +10V, FO-F7 become inputs to Output Register 
bits QO-Q7. 


Initialization or Output Enable Input: A user programmable function: 


Active-High (H) 


¢ Initialization: Provides an asynchronous preset to logic “1” or reset to logic *O* of all Active-High (H) 
State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and FO-F7 
and PO-P7 are in their initialization state. Normal clocking resumes with the first full clock 
pulse following a High-to-Low clock transition, after INIT goes Low. See timing definition for 


tnvck and tyck. 


© Output Enable: Provides an output enable function to buffers FO-F7 from the Output 
Registers. 


Active-Low (L) 
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TRUTH TABLE 1:2; 3, 4,5, 6,7 


» 


X : 
X 
X 
x 
10 
X 


ot 
oM KK XX 


Ae 
Positive Logic: 
" SIR (or J/K) = To + T1 + To +... Te 
Ty = (CO, C1) (10, 11, 12,...)(PO,P1,...P7) . 
Either Initialization (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable 
option. 
t denotes transition from Low-to-High level. 
=H orLor +10V 
X = Don't Care (<5.5V) 


H/L implies that either a High or a Low can occur, depending upon user-programmed selection (each State and Output Register individually 
programmable). 


ONO PD. 


7. When using the F, pins as inputs to the State and Cnet Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 

VIRGIN STATE LOGIC FUNCTION 

A factory-shipped virgin device contains all 

fusible links intact, such that: Q3 Q2 Q1 Qo 

1. INITAOE is set to INIT. In order to use the oF PRESENT STATE 
INIT function, the user must select either eee 


the PRESET or the RESET option for STATE REGISTER "B-C-... 
each flip-flop. Note that regardless of the 


user-programmed initialization, or even if fo foo}. | =e NEXT STATE 


the INIT function is not used, all registers 


are preset to “1” by the power-up SET Qo: Jo = (G2 *Q,°G)-A-B-C... 
procedure. Kg =0 
| it aoe RESET Q;:J, =0 
2. All transition terms are inactive (0). t Kit = (03° Up-Q,-G)-K-B-C, 
3. All S/R (or J/K) flip-flop inputs are 
disabled (0). HOLD Q9: J2=0 
Ko=0 
4. The device can be clocked via a Test 
RESET Q3: Ja = (Q3 -G2-Qy-Q)-A-B-C 
se with a standard test K5 = (03° -Q,-U)-A-B-C 


5. Clock 2 is inactive. 
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ae Denotes a programmable fuse location. 


NOTE: 
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DETAILS FOR REGISTERS FOR PLUS405 


TO INIT UNE 


OUTPUT REGISTERS 


The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A + /B « /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if any one or more of the 


February 27, 1991 


FROM PIN 4 
(I5/CLK) 


TO OR ARRAY 


AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 


Consider the Product Terms A, B and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in turn to reset the state machine toa 
known state. Without the Complement Array, 
one would have to generate product terms for 
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STATE REGISTERS 


FROM 
PIN 1 CLK 


ail unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that the PLUS405 has 2 Complement 
Arrays which allow the user to design 2 
independent Complement functions. This is 
particularly useful if 2 independent state 
machines have been implemented on one 
device. 

Note that use of the Complement Array adds 
an additional delay path through the device. . 
Please refer to the AC Electncal 
Characteristics for details. 
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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


[vec | Svvpivotace die 
a 
a 

or 


Veo 
ViN 
NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tam S$ +75°C, 4.75V < Voc $ 5.25V 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage? 


Vcc = MIN, lou =—2mA 


Voc = MIN, lo. = 9.6mA 


Te 


Output current 
= 


Capacitance 
Voc = §.0V, Vin = 2.0V 
Vec = 5.0V, Vout = 2.0V 


1. All typical values are at Voc = 5V. Tanb = +25°C. 

2. All voltage values are with respect to network ground terminal. 
3. Test one ata time. 
4 
5 


. Duration of short-circuit should not exceed one second. . 
- Icc is measured with the INIT/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 
Ry = 4702, Ro = 1kQ, C,, = 30pF, 0°C < Tamp $ +75°C, 4.75V < Veco < 5.25V 


SYMBOL PARAMETER 


Pulse width 


: aCe 
ee 


K+ 
KK. 
K+ 
K+ 
K- 
K+ 
CK-— 


10 


_ toxpe CLK2 Period 
tNITH Initialization pulse INIT— INIT+ 


Cc CK-— 
Cc CK+ 
Cc CK+ 
Cc CK- 
C CK+ 
C CK+ 
CK+ 
Input 
(through Complement Array) CK+ 
tvs 
Clock resume 
"Vk (after Initialization) INIT— CK- 
Clock lockout 
_ Inve (before Initialization) oe | INIT— 


pw fim tok | imott# To Ts | fo | eT os 


Propagation delay 


texor __| Clockt (Pin 1) Output + 
| Clock2 (Pin 4) Output + 


IckL2 Clock Low; CLK2 (Pin 4) | CK+ | 
opt tmpt | ce 


Output Enable | OES | 
Output Disable Output + 


Notes on following page | 
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ELECTRICAL CHARACTERISTICS (Continued) 
= 470Q, Re = 1kQ, C, = 30pF, 0°C < Tamp $ +75°C, 4.75V S$ Voc $ 5.25V 


. LIMITS 
SYMBOL PARAMETER _ . TO _ PLUS405-37 PLUS405-45 UNIT 


Frequency of operation | 


CLK1; without Complement Array 


eee + Output + 
tis1 + tcxor1 


CLK2; without Complement Array 
1 Output + 
tist + tcxo2 


CLK1; with Complement Array Input thru 


1 Complement | Output + 
tisa + tcxor Array + 


CLK2; with Complement Array 
Input thru 
fwaxa 1 Complement | Output + 
tisa + tcko2 Array + 
Internal feedback without 
Complement Array (CLK1 or CLK2) : ; 
Register Register 
1 Output + Intput + 
tex. + tcKH 


Internal feedback with 

Complement Array (CLK1 or CLK2) Register 
Output thru Register 

( 1 Complement | Intput + 


tisa Array + 


NOTES: 

1. All typical values are at Voc = 5V, Tan = +25°C. 

2. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
dosed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vz = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. 

3. All propagation delays and setup times are measured and specified under worst case conditions. 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


OUTPUTS 


2.5ns 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


NOTE: 
C1 and Co are to bypass Vcc to GND. 
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TIMING DIAGRAMS 

+3V 

ov 

oH {ts 
+3V 
CLK 1.5V 1.5V 1.5V 
| ov 
tCKH tCKL 
tcKp 
ee aoe SS Se ee Vou 
Fo - F7 1.5V 1.5V 
KO f VOL 
fMAX 
+3V 
OE 1.5V 1.5V 
— * 
toe 
Sequential Mode 
0-115 1.5V 
CLK ~1.5V 
ts tcKo 
Fo - F7 


tvcK-*/*tNVC a tcko 


UNITH 


+3V 


ov 


Asynchronous Initialization 


+5V 


OV 


VOH 
VoL 
+3V 


ov 


+3V 


ov 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


0-111, — 43V 

13-115 1.5V 
ov 
+10V 

8.0V 
+3V 
ov 
43V 
CLK 1.5V 
ov 
ts tCKH 
en ome Gre ee OEE Ge EE SD kD > GO Goes = 2 GE ce Ge fee Ga GED le GD 2) sae coEED came VOoH 
INTERNAL. 
oo G7 _STATE REG. (Ps) q (Ng) | 
Ta GE ee Gene eu: «aN Geet! “Goes came wep ccamied CESS CaE® CEES CEE) COC GEE ee SE Ory TERT See See Ge NiO ae: ec cee VoL 
tsRE tsap~* 

Ci VOH 

en On My aAsD, com Ac Foe 
. VoL 

CE 

ov 


Diagnostic Mode — State Register Outputs 


wei s ZIG XT 7 


+3V 
CLK 1.5V 1.5V 
OV 
~~ tCKH 
STATE (DIN) 
tCKO 


Diagnostic Mode — State Register Input Jam 


+10V 


+V 
110 


wi LLL LLL LLL LI "XZ. 


ov 


tR 


: +3V 
CLK 1.5V 1.5V 
OV 
— tCKH 
| AML 
REG - — o— omm VoL 
tcKo 


Diagnostic Mode — Output Register Input Jam 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse 


tcxp1,2 | Minimum guaranteed clock: 
| period. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Delay between positive 
transition of Clock and when 
Outputs become valid (with 

INIT/OE Low). 


Delay between Vcc (after 
power—on) and when Outputs 
become preset at “1”. 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


Required delay between 
positive transition of clock, 
and return of input 110, 111 or 
112 from Diagnostic Mode 
(10V). 


Minimum guaranteed 
operating frequency; input to 
output (CLK1 and CLK2). 


Minimum guaranteed 
operating frequency; input 

through Complement Array, 
to output (CLK1 and CLK2). 


Minimum guaranteed internal 
operating frequency; with 

internal feedback from state 
register to state register. 
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SYMBOL PARAMETER 


fuaxe Minimum guaranteed internal 
operating frequency with 
Complement Array, with _ 
internal feedback from state 
_| register through Complement 
Array, to state register. 


Minimum guaranteed clock 


frequency (register toggle 
frequency). 


Required delay between 
positive transition of Clock 
and end of valid Input data. 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 

Register. 


Required delay between 
inputs 111,110 or 112 
transition to Diagnostic Mode 
(10V), and when the output 
pins become available as 
inputs. 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization to 
guarantee that the clock edge - 
is not detected as a valid © 
negative transition. 


433 


SYMBOL PARAMETER 


tiniTH Width of initialization input 
pulse. 
tvs 


Required delay between Vcc 
(after power—on) and 
negative transition of Clock 

| preceding first reliable clock 


Delay between beginning of 
Output Enable High and 


when Outputs are in the 


OFF-state. 


Delay between positive 
transition of Initialization and 
when Outputs become valid. 


Delay between input 112 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output. ~ 
Register. 


Required delay between 
positive transition of Clock 

| and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding first reliable 
clock pulse. 
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LOGIC PROGRAMMING INITIALIZATION/OE OPTION - (INIT/OE) 
The PLUS405-37/-45 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 


INT=0 
and CUPL™ design software packages also E=1 : 
support the PLUS405-37/-45 architecture. (ALWAYS CA NSABLED) 


ENABLED) 
All packages allow Boolean and state 


equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic ' 
capture format. 


z ; ; PROGRAMMING THE PLUS405: 
ey eae = nee ene pay The PLUS405 has a power-up preset feature. This feature insures that the device will 


‘oe : wer-up in a known state with all register elements (State and Output Register) at logic High 
format, which is detailed on the following (H). When programming the device f is important to sori this is at initial etl aie is 
pages. This program table entry format is device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
supported by SNAP and SLICE only. The present state. 

SLICE design package is available, free of 
charge, to qualified users. 


To implement the desired logic functions, 
each logic variable (|, B, P, S, T, etc.) from the 
logic equations is assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 


INITIALIZATION OPTION — (INIT) 


care 


INDETERMINATE* 


| pontcare |  - | 


Notes are on next page. 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices, Inc. 
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“OR” ARRAY — J-K FUNCTION -— (N), (F) 


Tn 
as i< 
x+tJ> 


acTON | CODE] [nein [cone] 
rene 


c ¢ 
c c 
Tn Th 
ACTION CODE 


[nerion [cove 
[cenerare [a Transparent 


“COMPLEMENT” ARRAY - (C) 


c 
c 
Th 
iwactveS | oo | 


CLOCK OPTION — (CLK1/CLK2) 


CLK2 


CLK2 
CLK1 CLK1 
| OPTION, | CODE OPTION CODE |” 
CLK1 ONLY! CLKtandcLK2® | oH | 


NOTES: . 

1. This is the initial unprogrammed state of all links. 

2. Any gate T, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 

4. These states are not allowed when using INITIALIZATION option. 

5. Input buffer I5 must be deleted from the AND array (i.e., all fuse locations “Don’t Care”) when using second clock option. 
5. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 
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CLK1 ONLY 
CLK1 AND 2 


TRANSPARENT | — 


PROPAGATE 


DON'T CARE - 


PLUS405 PROGRAM TABLE 


OUTPUT ENASL! 


[ctockie oT |] PLTUT TUT TU TUTE TUT ET TT 


OUTPUT sll 
x 


NEXT STATE (Ne) 


eet STATE dha 


INPUT al 


The device is shipped with ail links initially intact. Thus, a background of "0" for all Terms, and an "H" for the IN/E and H for the clock option, exists in the table, shown BLANK instead 


for clarity. 


2. Unused Cn Im, and Ps bits are normally programmed Don't Care (—). 


PIN 
LABELS 


ce 
SREREREREE 
MNSEEEReERATtceeceettsceoeeeeettrsoceeeeeettttcccrettettt 


————~# LaWd GAZMNOENAS YAWOLSND 


JTavVL WWHDOud OOO) dD # SOIAR SOILSNDIS 


Asdd —AIWNVN YAWOLSNO 


3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


NOTES: 


1. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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DESCRIPTION | 

The PLUS405-55 device is a bipolar, 
programmable state machine of the Mealy 
type. Both the AND and the OR array are 
user-programmable. All 64 AND gates are 
connected to the 16 external dedicated inputs 
(lO - 115) and to the feedback paths of the 

8 on-chip State Registers (Qpp - Qp7). Two 
complement arrays support complex 
IF-THEN-ELSE state transitions with a single 
product term (input variables Co, C1), 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. All AND gates are merged 
into the programmable OR array to issue the 
next-state and next-output commands to their 
respective registers. Because the OR array is 
programmable, any one or all of the 64 
transition terms can be connected to any or 
all of the State and Output Registers. 


All state (Qpp - Qp7) and output (Q¢o - Q¢7) 
registers are edge-triggered, clocked J-K 
flip-flops, with Asynchronous Preset and 
Reset options. The PLUS405 architecture 
provides the added flexibility of the J-K toggle 
function which is indeterminate on S-R 
flip-flops. Each register may be individually 
programmed such that a specific 
Preset-Reset pattern is initialized when the — 
initialization pin is raised to a logic level “1”. 
This feature allows the state machine to be 
asynchronously initialized to known internal 
state and output conditions prior to 
proceeding through a sequence of state 
transitions. Upon power-up, all registers are 
unconditionally preset to “1”. If desired, the 
initialization input pin (INIT) can be converted 
to an Output Enable (OE) function as an 


additional user-programmable feature. 


Availability of two user-programmable clocks 
allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 


Order codes are listed in the Ordering 
Information Table below. 


ORDERING INFORMATION 


DESCRIPTION 


January 2, 1992 


OPERATING 

FREQUENCY ORDER ere 
28-Pin Plastic Dual In-Line (600mil-wide) | 55MHz (tis + tcxo) PLUS405—55N 
28-Pin Plastic Leaded Chip Carrier ~ 58MHz (tis + tcxo) PLUS405-55A 


FEATURES 


® 66.7MHz minimum guaranteed clock rate 


@ 55MHz minimum guaranteed operating 
frequency (1/(tis1 + tcko1) 
® Functional superset of PLS105/105A 


® Field-programmable (Ti-W fusible link) 
© 16 input variables 

© 8 output functions 

© 64 transition terms 

® 8-bit State Register 

© 8-bit Output Register 

® 2 transition Complement Arrays 

® Multiple clocks 


© Programmable Asynchronous Initialization 
or Output Enable 


®@ Power-on preset of all registers to “1” 


© “On-chip” diagnostic test mode features for 
access to state and output registers 


@ 950mW power dissipation (typ.) 
@ TTL compatible 

@ J-K or S-R flip-flop functions 

® Automatic “Hold” states 

® 3-State outputs 


APPLICATIONS 

® interface protocols 

@ Sequence detectors 

© Peripheral controllers 

® Timing generators 

® Sequential circuits 

® Elevator contollers 

® Security locking systems 
® Counters 


® Shift registers 
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PIN CONFIGURATIONS 


N Package 


FS F4 GND F3 F2 F1 Fo 


A = Plastic Leaded Chip Carrier 
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PIN DESCRIPTION 


rae SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this } Active-High (H) 
~ line is necessary to update the contents of both state and output registers. Pin 1 only 
clocks PO-3 and FO--3 if Pin 4 is also being used as a clock. 


Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L”. 


— 14, 17, 16 
18 —19 
13-115 


CLK2 


Active-High/Low 
(H/L) 


Logic Input/Clock: A user programmable function: 


Active-High/Low 
(H/L) 


Active-High (H) 


@ Logic Input: A 13th external logic input to the AND array, as above. 


@ Clock: A 2nd clock for the State Registers P4—7 and Output Registers F4—7, as above. 
Note that input buffer 5 must be deleted from the AND array (i.e., all fuse locations “Don't 
Care”) when using Pin 4 as a Clock. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 112 is held at +10V, device outputs FO-F7 
reflect the contents of State Register bits PO-P7. The contents of each Output Register 
remains unaltered. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When I11 is held at +10V, device outputs FO-F7 become 
direct inputs for State Register bits PO-P7; a Low-to-High transition on the appropriate 
clock line loads the values on pins FO—-F7 into the State Register bits PO-P7. The contents 
of each Output Register remains unaltered. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 110 is held at +10V, device outputs FO-F7 become 

_ direct inputs for Output Register bits QO-Q7; a Low-to-High transition on the appropriate 
clock line loads the values on pins FO-F7 into the Output Register bits QO-Q7. The 
contents of each State Register remains unaltered. 


Active-High/Low 
(H/L) 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active-High (H) 
normally reflect the contents of Output Register Bits QO-Q7, when enabled. When 112 is 

held at +10V, FO-F7 = (PO-P7). When I11 is held at +10V, FO-F7 become inputs to State 
Register bits PO-P7. When 110 is held at +10V, FO-F7 become inputs to Output Register 


bits QO-Q7. 


Initialization or Output Enable Input: A user programmable function: 


e Initialization: Provides an asynchronous preset to logic “1” or reset to logic “0” of all Active-High (H) 
State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and FO—-F7 
and PO-P7 are in their initialization state. Normal clocking resumes with the first full clock 
pulse following a High-to-Low clock transition, after INIT goes Low. See timing definition for 


tuvck and tvck. 


Active-Low (L) 


© Output Enable: Provides an output enable function to buffers FO-F7 from the Output 
Registers. 
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TRUTH TABLE 1, 2, 3, 4, 5, 6, 7 


* 


X 
X 
X 
X 
10 
X 


ox xXx KX 


< 


NOTES: 
1. Positive Logic: 
S/R (or J/K) = To + T1 + To +... Teg 
Th = (CO, C1) (10, 11, 12, . ) (PO, P1,...P7) 


2. Either Initialization (Active-High) or Output t Enable (Active-Low) are available, but not both. The desired function is a user-programmable 
option. 
3. T denotes transition from Low-to-High level. 
4. *=HorLor +10V 
5. X = Don't Care (<5.5V) 
6. H/Limplies that either a High or a Low can occur, depending upon user-programmed selection (each State and Output Register individually 
programmable). 
7. When using the F,, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 
VIRGIN STATE LOGIC FUNCTION 
A factory-shipped virgin device contains all 
fusible links intact, such that: Q3_Q2 Qi 0 
1. INIT/OE is set to INIT. In order to use the _ So ia PRESENT STATE 
INIT function, the user must select either EE 
the PRESET or the RESET option for STATE REGISTER 
each flip-flop. Note that regardless of the 
user-programmed initialization, or even if jojojols| oe pers 
the INIT function is not used, all registers 
are preset to “1” by the power-up SET Qo: do = (02° Qy°Gp)-A-B-C... 
procedure. Kg =0 
iti Be ae RESET Q4: Jy =0 
2. All transition terms are inactive (0). 1 Kia = (Q3 * p+ Q,- Uh) A-B-C. 
3. All S/R (or J/K) flip-flop inputs are 
disabled (0). HOLP Ca s2ne 
Kg=0 
4. The device can be clocked via a Test 
; :Jg= *G°Q,° "A'B'C... 
oe with a standard test coca ne ne 2 . : Bs -‘K-B-C... 


5. Clock 2 is inactive. 
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LOGIC DIAGRAM 
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DETAIL A 


DETAIL C 
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He 8 a 

st ae i a St AD EO SE ES 
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BO 
=, Denotes a programmable fuse location. 
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DETAILS FOR REGISTERS FOR PLUS405 


The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A « /B « /C) and (A+B +C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if any one or more of the 
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FROM PIN 4 
(I5/CLK) 


TO OR ARRAY 


AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 


Consider the Product Terms A, B and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in turn to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 
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STATE REGISTERS 


FR 
PIN 1 CLK 


all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that the PLUS405 sequencers have 2 
Complement Arrays which allow the user to 
design 2 independent Complement functions. 
This is particularly useful if 2 independent 
state machines have been implemented on 
one device. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 
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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS | 


[svwsoc | __Paraweten [Ramos | wT | [ _TewPenarune 
A 
ee a 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamp S$ +75°C, 4.75V < Vog $ 5.25V 


SYMBOL PARAMETER 


Input voltage 


Vic Vee = MIN, lin = —12mA 
Output voltage 


Veo = WK Vour= 2 


Vout = OV 
Voc = MAX 


Vec = 5.0V, Vin = 2.0V 
Voc = 5.0V, Vout = 2.0V 


. All typical values are at Voc = 5V. Tamp = +25°C. 


1 

2. All voltage values are with respect to network ground terminal. 
3. Test one ata time. 
4 
5 


. Duration of short-circuit should not exceed one second. 
. loc is measured with the INIT/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 
R, = 4702, Ro = 1kQ, C, = 30pF, 0°C < Tamp $ +75°C, 4.75V < Veg < 5.25V 


igh; >i CK+ 


Notes on following page 
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ELECTRICAL CHARACTERISTICS (Continued) 
= 470, Ro = 1kQ, C,, = 30pF, 0°C < Tam $ +75°C, 4.75V < Voc $ 5.25V 


fener |__| enow | no amr TR] 


Frequency of operation 
[= EET 
S008c9 
= EE 
== 
i 


CLK1; (without Complement Array) 
es 
tist + tcxor 


CLK2; (without Complement Array) 


1 
tis1 + tcxo2 


CLK1; (with Complement Array) 
no ae 
tisa + tcxor 


Input through 
Complement 
Array + 


CLK2; (with Complement Array) 


1 
tise + tcxo2 


Input through 
Complement 
Array + 


Internal feedback without Complement 
Array (CLK1 or CLK2) 


Register Register 66.7 
1 Output + Input + 
text + tckH 
Internal feedback with Register 
Complement Array (CLK1 or CLK2) Output ist 
through Hegister 66.7 
1 Input + 
—— Complement 
lisa Array + 


NOTES: 

1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. 

3. All propagation delays and setup times are measured and specified under worst case conditions. 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


INPUTS | 
10% 
2.5ns 2.5ns 
MEASUREMENTS: 


All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


NOTE: 
Cy and C2 are to bypass Vcc to GND. 
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TIMING DIAGRAMS 


+3V 


ov 
tH tis 
+3V 
CLK 1.5V + 1.5V 1.5V 
A ov 
tCKH tCKL 
tcKP 
Fo ~- F7 1.5V ] 1.5V 
tcKo VoL 
fMaAX 
+3V 
OE 1.5V 1.5V 
= wn 
toe 
Sequential Mode 


43V 
0 115 
ov 
+3V 
CLK 
ov 
VOH 
FO — F7 
VOL 
+3V 
INIT 
ov 


+5V 


OV 


VOH 


VOL 


+3V 


ov 


+3V 
40 -115 


OV 


Power-On Preset. 
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TIMING DIAGRAMS (Continued) 


Wo - 111, +3V 
113-5 1.5V 
ov 
+10V 
8.0V 
43V 
ov 
43V 
CLK 1.5V 
ov 
4s tCKH 
er ae? eee ——_—= 2) (io SEE eee ee a Ge eee ee ce] ee ee es ee ee Ge Se Ay ~~“ Ee Gee ee cee V, 
“INTERNAL, OH 
00-7 sTaTEREG. (Ps) q (Ns) 
aS Ga oe So [ee <2 OE Ee ee ee ee eee ae Gees ee ee ES Go eee ee ee VOL 
tsRE tsap~ 
Vi VOH 
nn Cn cy As, ca AL Frat 
: VoL 
OE 
ov 


Diagnostic Mode — State Register Outputs 


+3V 
CLK 1.5V 1.5V 
ov 
tCKH 
STM (DIN) 
tcKO 
Diagnostic Mode — State Register Input Jam 
+10V 
8.0V 8.0V 
+3V 


io 


FO — F7 
(INPUTS) 


CLK 


(we) WLLL a _ 


VoL 


Diagnostic Mode — Output Register Input Jam 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 


tcKP1,2 Minimum guaranteed clock 
period. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


| Delay between positive 
transition of Clock and when 
Outputs become valid (with 

INIT/OE Low). 


Delay between Vcc (after 
power-on) and when Outputs - 
become preset at “1”. 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


Required delay between 
positive transition of clock, 

and return of input 110, 111 or 
112 from Diagnostic Mode 


Minimum guaranteed 
operating frequency; input to 
output (CLK1 and CLK2). 


Minimum guaranteed 
operating frequency; input 

through Complement Array, 
to output (CLK1 and CLK2). 


Minimum guaranteed internal 
operating frequency; with 

internal feedback from state 
register to state register. 
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Minimum guaranteed internal 
operating frequency with 
Complement Array, with 
internal feedback from state 
register through Complement 
Array, to state register. 


Minimum guaranteed clock 
frequency (register toggle 
frequency). 


Required delay between 
positive transition of Clock 
and end of valid Input data. 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 

Register. 


Required delay between 
inputs 111, 110 or 112 
transition to Diagnostic Mode 
(10V), and when the output 
pins become available as 
inputs. 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 
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SYMBOL PARAMETER 


Width of initialization input 
pulse. — 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 

first reliable clock pulse. 


Delay between beginning of | 
Output Enable High and 
when Outputs are in the 
OF F-state. 


Delay between positive 
transition of Initialization and 
when Outputs become valid. 


Delay between input 112 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 


Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding first reliable 
clock pulse. . 
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LOGIC PROGRAMMING INITIALIZATION/OE OPTION — (INIT/OE) 
The PLUS405-55 is fully supported by 5 

industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics SLICE and 
SNAP design software packages. ABEL™ 


INIT/OE 


INIT=0 


and CUPL™ design software packages also E=1 ae 
support the PLUS405-55 architecture. ae (ALWAYS DISABLED) 


ENABLED) 


All packages allow Boolean and state 


equation entry formats. SNAP, ABEL and . T cove | 
CUPL also accept, as input, schematic 
capture format. 


: : PROGRAMMING THE PLUS405: 
lie anit sie teagan Saliees i The PLUS405 has a power-up preset feature. This feature insures that the device will power-up 
g eee en ee in a known state with all register elements (State and Output Register) at logic High (H). When 
format, which is detailed on the following programming the device it is important to realize this is the initial state of the device. You must 
pages. This program table entry format is provide a next state jump if you do not wish to use all Highs (H) as the present state. 
supported by SNAP and SLICE only. The 


SLICE design package is available, free of 
charge, to qualified users. 


To implement the desired logic functions, 
each logic variable (I, B, P, S, T, etc.) from the 
logic equations is assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 


INITIALIZATION OPTION - (INIT) 


INDETERMINATE* 


INactve!2 | 9 | 


Notes are on next page. 


ABEL is a trademark of Data /O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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“OR” ARRAY — J-K FUNCTION — (N), (F) 


ACTION ACTION | CODE | 
PROPAGATE TRANSPARENT | - | 


CLOCK OPTION — (CLK1/CLK2) 


CLK1 


NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T,, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 

4. These states are not allowed when using INITIALIZATION option. 

5. Input buffer I5 must be deleted from the AND array (i.e., all fuse locations “Don’t Care”) when using second clock option. 
6. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 
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PLUS405 PROGRAM TABLE 


OPTIONS 


INACTIVE 


| CLK1 ONLY 


PROPAGATE 


TRANSPARENT; — 


DON'T CARE 


v. 


* 
AG 


CLOCK 1/2 
PRESENT STATE (Ps) 


BEECTEHT HEE HET EEE Eee CEE ee ce 


CEE 


LNA | NST N2! 
a 
| 
| 
fast 
- 
= 
= 
| 
| 
ea] 
ped 
|_| 
at 
i 
= 
rl 
= 
BA 
|| 
a 
= 
ot 
bal 
ia 
| 
Pe) 
| 
|_| 
|| 
i 
vai) 
bl 
= 
| 
bea 
a 
= 
| 
= 
= 
mi 
= 
= 
= 
a 
ce! 
= 
| 
| 
| 
el 
ies 
ed 
iz 
a 
= 
ted 
|| 
mi 
= 
= 
Ci 
fs) 


va 
aa 


NEXT STATE (Ns) 


’ 

eo) 
a 
Pi 


[pa]p3|P2]P1|Po} |.N7/ N6| NS! 
ie (ee Sa 


e | ed ole Le RaESE ia kal Tit Lp 
= i BARRE || Reedy Ei a Ree a Ohad 


INPUT (im) 


< 
See TUR dUO GA UOECGUGHG0RRRGRGRGH00RG0GH00000000000000000000RR0RR 
< 

GAs ae ae a uaa a 


————~# Lud GSZMOWAS HSWOLSND 
XXXX) dD # SOIAR SOLLANDIS 


Ses TT TTT TTI TTT TTT ee jn! a 
Z2w 
a © 
5 


A1EVL WVWeSD0ud 


Aad —_ CCC IW HSWOLSNO 


NOTES: 


kground of “O" for all Terms, and an “H" for the IN/E and H for the clock option, exists in the table, shown BLANK instead 


The device is shipped with ail links initially intact. Thus, a bac 


for clarity. 


1. 


2. 


Unused Cn Im, and Ps bits are normally programmed Don't Care (—). 


Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


3. 


452 


January 2, 1992 


Philips Semiconductors—Signetics Programmable Logic Devices 


Programmable logic sequencer 
(16 x 64 x 8) 


SNAP RESOURCE SUMMARY DESIGNATIONS 


Product specification 


PLUS405-55 


January 2, 1992 


453 


Programmable Logic Devices | Section 6 ; 
_* - Programmable Macro Logic 


Data Sheets 

INDEX 
PLHS501/PLHS501I Programmable Macro Logic | Bat te eee ahee aes Ee ae Dou bucsears 457 
PML2552 CMOS High Density Programmable Macro Logic ............. 469 


PML2852 CMOS High Density Programmable Macro Logic ............. 488 


Philips Semiconductors—Signetics Programmable Logic Devices 


Programmable macro logic 


PM |. ™ 


Product specification 


PLHS501/PLHS5011 


FEATURES 


® Programmable Macro Logic device 
® Full connectivity 
®@ TTL compatible 


@ SNAP development system: 


— Supports third-party schematic entry 
formats 


~- Macro library 
- Versatile netlist format for design 
portability 

- Logic, timing, and fault simulation 
® SLICE development system: 

- Easy to learn and use | 

— State or Boolean equation entry 

— Fuse table editor 

~ Test vector editor 

- Boolean equation extractor 

- JEDEC fusemap compiler 

— Upgradeable to SNAP 


® Delay per internal NAND function = 6.5ns 
(typ) 


© Testable in unprogrammed state 


e Security fuse allows protection of 
proprietary designs 


STRUCTURE 
@ NAND gate based architecture 
—- 72 foldback NAND terms 
® 136 input-wide logic terms 
© 44 additional logic terms 
@ 24 dedicated inputs (Ip — lo3) 
® 8 bidirectional I/Os with individual 3-State 
enable: 
- 4 Active-High (B, — Bz) 
— 4 Active-Low (By — Bs) 
© 16 dedicated outputs: 
—- 4 Active-High outputs 
Op, O; with common 3-State enable 
Oz, O3 with common 3-State enable 
- 4 Active-Low outputs: 
©4, Os with common 3-State enable 
Og, 07 with common 3-State enable 
- 8 Exclusive-OR outputs: 
Xo, X; with common 3-State enable 
Xo, X3 with common 3-State enable 
X4, X5 with common 3-State enable 
Xs, X7 with common 3-State enable 


PIN CONFIGURATION 


A Package 
(52-pin PLCC) 


N97 Nae bys ba Ina 12 Ia tho Ig tg |! 


DESCRIPTION 

The PLHS501 is a high-density Bipolar 
Programmable Macro Logic device. PML 
incorporates a programmable NAND 
structure. The NAND architecture is an 
efficient method for implementing any logic 
function. The SNAP software development 
system provides a user friendly environment 
for design entry. SNAP eliminates the need 
for a detailed understanding of the PLHS501 
architecture and makes it transparent to the 
user. PLHS501 is also supported on the 
Signetics SNAP and SLICE software 
development systems. 


The PLHS501 is ideal for a wide range of 
microprocessor support functions, including 
bus interface and control applications. 


The PLHS501 is also processed to industrial 
requirements for operation over an extended 
temperature range of —40°C to +85°C and 
supply voltage of 4.5V to 5.5V. 


PML is a trademark of Philips Semiconductors—Signetics. 
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ARCHITECTURE 

The core of the PLHS501 is a programmable 
fuse array of 72 NAND gates. The output of 
each gate folds back upon itself and all other 
NAND gates. In this manner, full connectivity 
of all logic functions is achieved in the 
PLHS501. Any logic function can be created 
within the core of the device without wasting — 
valuable I/O pins. Furthermore, a speed 
advantage is acquired by implementing 
multi-level logic within a fast internal core 
without incurring any delays from the I/O 
buffers. 
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ORDERING INFORMATION 


52-Pin Plastic Leaded Chip Carrier 


DESIGN DEVELOPMENT TOOLS 


SNAP 

The SNAP Software Development System 

provides the necessary tools for designing 

with PML. SNAP provides the following: 

® Schematic entry netlist generation from 
third-party schematic design packages 

* such as OrCAD/SDT III™ and 
FutureNet™, 


® Macro library for standard TTL functions 
and user defined functions 


© Boolean equation entry 

® State equation entry 

© Syntax and design entry checking 

@ Simulator includes logic simulation, fault 


simulation and timing simulation. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. The minimum system 
configuration for SNAP is 640K bytes of RAM 
and a hard disk. 


FutureNet is a trademark of FutureNet Corporation. 
OrCAD/SDT is a trademark of OrCAD, inc. 


DESCRIPTION 


52-Pin Plastic Leaded Chip Carrier 


OPERATING CONDITIONS ORDER CODE 


PLHSSO1A 
PLHSSO01IA 


Commercial Temperature Range 
+5% Power Supply 


Industrial Temperature Range 
+10% Power Supply 


SNAP provides primitive PML function 
libraries for third-party schematic design 
packages. Custom macro function libraries 
can be defined in schematic or equation form. 


After the completion of a design, the software 
compiles the design for syntax and 
completeness. Complete simulation can be 
carried out using the different simulation tools 
available. 


The programming data is generated in 
JEDEC format. Using the Device 
Programmer Interface (DPI) module of SNAP, 
the JEDEC fusemap is sent from the host 
computer to the device programmer. 


SLICE 

SLICE, which supports Signetics PLD line, is 
easy to understand and simple to use. Select 
a PLD, assign input and output pins and 
enter the desired equations in either Boolean 
or state form. SLICE then checks the 
equations for errors. It automatically 
generates a JEDEC-format fuse map for 
downloading to a PLD programmer. 


IBM is a registered trademark of International Business Machines Corporation. 
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Fully menu driven, SLICE incorporates a fuse 
table editor for making quick modifications to 
the design and a test vector editor for input of 
test vectors. 


A built-in Boolean equation extractor allows 
existing PLDs to be used as the basis fora 
new design. the extractor reads JEDEC 
information from a PLD and creates a file 
containing the corresponding Boolean 
equations. The result can then be used to 
consolidate several PLD designs into a 
single, denser part. 


And SLICE is upward compatible with 
Signetics extensive design suite, SNAP. 


DESIGN SECURITY 

The PLHS501 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary designs 
implemented in the device cannot be copied 
or retrieved. 
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PLHS501 FUNCTIONAL BLOCK DIAGRAM 


24 
DEDICATED 


8 
BIDIRECTIONAL 
Vos 
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FUNCTIONAL DIAGRAM 


DETAIL A 
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ABSOLUTE MAXIMUM RATINGS! 


-SYMBOL PARAMETER 


a 
vec | Svvotege 
aaa 
=< 


ae 

Tin | psteurens dC 
Cost | Ouputcurons | tm 
Te | Operating onpsraurerange | 

59 


1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. a 


THERMAL RATINGS VIRGIN STATE 


: TEMPERATURE A factory shipped virgin device contains all 
fusible links open, such that: 


150°C 1. All product terms are enabled. 


Allowable thermal rise 75°C 
ambient to junction 


2. All bidirectional (B) pins are outputs.. 
3. All outputs are enabled. 
4 


. All outputs are Active-High except 
Bo — By (fusible 1/0) and ©, — 07 which 
are Active-Low. 
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DC ELECTRICAL CHARACTERISTICS 
Commercial= 0°C < Tamp S +75°C, 4.75V S$ Voc ¥ 5.25V 
Industrial =-40°C < Tanp S +85°C, 4.5V S Voc <5.5V 


SYMBOL PARAMETER TEST CONDITION 


Input voltage” 


Voc = MIN 
Voc = MAX 
Voc = MIN, lin =—-12mA 


Voc = MAX 
Vin = 0.45V 
Vin = 5.5V 


Output current 


Voc = MAX 
lo(OFF) Hi-Z state® Vout = 5.5V pA 
Vout = 0.45V 
los Short circuit?: 5. & Vout = OV 


2 5 a SO CS 


Capacitance 


All typical values are at Voc = 5V, Tamb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

For Pins 15 — 19, 21 — 27 and 37 — 40, Vo, is measured with Pins 5 and 41 = 8,75V, Pin 43 = OV and Pins 42 and 44 = 4.5V. 
For Pins 28 — 33 and 35 — 36, Vo, is measured under same conditions EXCEPT Pin 44 = OV. 

Vou is measured with Pins 5 and 41 = 8.75V, Pins 42 and 43 = 4.5V and Pin 44 = OV. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with all dedicated inputs at OV and bidirectional and output pins open. 

Measured at V7 = Vo, + 0.5V. 

. Leakage values are a combination of input and output leakage. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
NOTE: of inputs and outputs, unless otherwise specified. 


Cy and Co are to bypass Voc to GND. 


Input Pulses 
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MACRO CELL SPECIFICATIONS? (SNAP Resource Summary Designations in Parantheses) 
Commercial: Tamp = 0°C to +75°C, 4.75V < Voc < 5.25V, C, = 30pF, Ro = 1000Q, Ry = 470Q 
Industrial: Tam = 40°C to +85°C, 4.5V < Veg < 5.5V, C, = 30pF, Re = 10000, Ry = 4700 - 


input Buffer 
(DIN501 [Non-inverting], NIN501 [Inverting]) 


NOTES 


With 0 p-terms load 
With 0 p-terms load 


Input Pins: 1— 7,9 — 14, 41 -—45, 48 - 52. 
Bidirectional Pins: 15 — 18, 37 — 40. 
Maximum internal fan-out: 16 p-terms on X or Y. 


NAND Output Buffer with 3-State Control 
(TOUSO1) 


PARAMETER LIMITS 
SYMBOL To 
(Output) 


Output Pins: 24 — 27. 


Internal Foldback NAND 
(FBNAND) 


Input Output 


sympot [MN [ TP [wax | oun 
[Aba | 00s | or | ots | reptom | 


PARAMETER LIMITS 
SYMBOL To UNIT NOTES 
(Output) 


Maximum internal loading of 16 terms. 
Notes are on following page. 
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MACRO CELL SPECIFICATIONS! (Continued) (SNAP Resource Summary Designations in Parantheses) 
Commercial: Tanp = 0°C to +75°C, 4.75V < Voc < 5.25V, Cy, = 30pF, Ro = 1000Q, Ry = 4702 
Industrial: Tam = 40°C to +85°C, 4.5V < Voc < 5.5V, C, = 30pF, Ro = 10009, R, = 4702 


AND Output Buffer with 3-State Control 
; (NOU501) 


| PARAMETER fem 
SYMBOL 
Gach 
teHL Output 8.0 
teLH Output 8.0 
Tri-Ctrl 8.5 
Tri-Ctrl 8.5 


NAND Output Buffer 
(OUT501) 


ee | LIMITS 
SYMBOL 
= 


teu 8.5 
tPLH 8.5 
Bidirectional _ ot 37 — 40. 


Ex—OR Output Buffer 
° (EXO0501) 


PARAMETER LIMITS 
| SYMBOL To UNIT 
(Output) 


Ex-OR Output Pins: 28 — 33. 


NOTES: 

1. Limits are guaranteed with internal feedback buffers simultaneously switching cumulative maximum of eight outputs. 

2. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (VoH — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. 
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PLHS501 GATE AND SPEED ESTIMATE TABLE 


INTERNAL NAND 


Gates 


For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 


Inverted inputs. available 
Inverted inputs available 
Inverted inputs available (24 chip outputs only) 


Encoders 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels, factored solution. 


Multiplexers 
4-to-1 
8-to-1 
16-to-1 
27-to-1 
Flip-Flops 
D-type Flip-Flop 
T-type Flip-Flop 
J-K-type Flip-Flop 
Adders 


eb 18nsFltcary-dookahead (tour levels of logic) 


Barrel Shifters 


Latches 


Inverted inputs available 


Can address only 27 external inputs - more if internal 


With asynchronous S-R 
With asynchronous S-R 
With asynchronous S-R 
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APPLICATIONS 


MASTER 


’ MODULE 


MODULE 
SPECIFIC SPECIFIC 


PLHS501 
CLOCK 
ORIGINATION 


i et 
CLOCK 
Se EEE TE I BG EERE 


BUS 
‘ ARBITRATION e Gono 
ae m5 


A sacies es a Sees iis dees Seer eee ee ee ae ee ee ec 


| 
ee ee ig ee Boe 


ADDRESS, DATA, 
CONTROL AND PARITY 


ARBITRATION 


Simplified NuBus™ Diagram (10MHz Operating Frequency) 


x TRANSCEIVER 
ADL CONTROL 


-CDSETUP 
-wW40 
-S1 

-SO 

-A2 


~A1 Serres 
“Ao eel 
ee BYTE 2 
DATA OUTPUT 
L 


CHRESET 
OCTA 8 
3-STATE 
3to1 Zz) DRIVER | A 
MULTIPLEXER 


Block Diagram of Basic POS Implementation in PLHS501 


NuBus is a trademark of Texas Instruments, Inc. 
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FEATURES 


® Full connectivity 


®@ Erasable version and one time 
programmable version available 


® Scan test 

@ Power down mode 
© Power on reset 

® 100% testable 


@ SNAP development system 


- Supports third-party schematic entry 
formats 


~ TTL Macro library 
- Versatile netlist format for design 
portability 

— Logic, timing, and fault simulation 
® SLICE development system: 

~ Easy to learn and use 

- State or Boolean equation entry 

- Fuse table editor 

-— Test vector editor 

~ Boolean equation extractor 

— JEDEC fusemap compiler 

~ Upgradeable to SNAP 


© Power dissipation (TTL) = 630mW 
© Power dissipation (CMOS) = 525mW 


© Power dissipation (Power-Down mode) = 


52mW 
© Security fuse for copy protection 


®@ Reprogrammable 


PROPAGATION DELAYS 


® Delay per internal NAND gate 
= 15ns (typ) 


®@ 50MHz flip-flop toggle rate 


APPLICATIONS | 


© Low-end gate array replacement 

® Instrumentation 

© Bus arbitration functions 

®@ Wide multiplexers and decoders 

® Multiple independent state machines 


© General purpose logic integration and 
microprocessor support logic 


® PAL® and glue logic replacement 


PAL is a registered trademark of Advanced Micro Devices, Inc. 


NuBus is a trademark of Texas Instruments, Inc. 
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DESCRIPTION 

The Signetics PML family of PLDs provides 
“instant gate array” capabilities for general 
purpose logic integration applications. The 
PML2582 is the first high density CMOS-PML 
product. Fabricated with the Signetics 
high-performance EPROM process, it is an 
ideal way to reduce NRE costs, inventory 
problems and quality concerns. The 
PML2552 incorporates the PML folded NAND 
array architecture which provides 100% 
connectivity to eliminate routing restrictions. — 
What distinguishes the PML2552 from the 
“classic” PLD architectures is its flexibility and 
the potent flip-flop building blocks. The device 
utilizes a folded NAND architecture, which 
enables the designer to implement multiple 


levels of logic on a single chip. The PML2552 — 


eliminates the NRE costs, risks, and hard to 
use design tools associated with semicustom 
and full custom approaches. It allows the 
system designer to manage reliable 
functionality, in less time and space plus a 
faster time to market. The PML2552 is ideal 


PIN CONFIGURATION 


Product specification 


PML2552 


in todays instrumentation, industrial control, 
EISA, NuBus™, bus interface and dense 
state machine applications in conjunction with 
the state-of-the-art CMOS processors. It is 
capable of replacing large amounts of TTL, 
SSI and MSI logic and literally allows the 
designer to build a system on the chip. 


The SNAP development software gives easy 
access to the density and flexibility of the 
PML2552 through a variety of design entry 
formats, including schematic, logic equations, 
and state equations in any combination. 


PML2552 
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ORDERING INFORMATION 


[@e-pin Plastic Leaded Chip Carr __—«|__—Sas_—«d|CPMLZS52.058 
68-pin “J" Leaded Ceramic Cerquad Package | 35ns_—— | PML2552-35KA | 
[epi Plast Leaded Chip Carior | —SOrw 

| ons 


68-pin “J” Leaded Ceramic Cerquad Package 


16 
INPUT 
D FLIP-FLOPS 


& 
13 DEDICATED 
INPUTS 


Meraorexzrrvoonvs 


1 
N 
T 
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T 


Figure 1. 
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LOGIC DIAGRAM 


08 - 015 
(SCAN OUT) 
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= 
BRE 
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z 
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STRUCTURE 

© 112 possible foldback NAND gates: 
— 96 internal NAND 
- 16 from the I/O macros 


@ 114 additional logic terms 


© 53 possible inputs (with programmable 
-. polarity) | 
— 29 dedicated inputs 
- 24 bidirectional I/Os 


@ 24 bidirectional pins 

©@ 52 flip-flops 

@ 24 possible outputs with individual Output 
Enable control (8 with programmable 
polarity) 

® Multiple independent clocks 


® 20 Buried JK- -type mp noke with foldback 
(JKFFs): 


- 10 JKFFs with one shared preset signal 
and one shared clocked signal 
Originating from the clock array. 


- 10 JKFFs with 10 independent clock 
signals originating from the clock array 
and 10 independent clear signals 


@ 258 inputs per NAND gate . 

®@ Bypassable Input D-type flip-flop 
(DFFs)/Combinatorial Inputs: 
— 16 DFFs/combinatorial inputs 
— DFFs clocked in two groups of eight 


— DFFs not bypassed in unprogrammed 
State 


- Independent bypass fuse on each DFF 
@ Inputs/bypassable D-type flip-flop 
outputs/foldback NAND gates: 

— 16 output DFFs/combinatorial 
inputs/outputs with individual Output 
Enable control 

— DFFs clocked in two groups of eight 


~- DFFs not bypassed in unprogrammed 
state 


~ Independent bypass fuse on each DFF 

— The DFF can be used as an internal DFF 
or an internal foldback NAND gate. 

® Combinatorial inputs: 

—- 9 dedicated inputs to the NAND array 

— 3 inputs optional to NAND array and/or 
clock array 

— 1 input optional to NAND array and/or 
clock array, and/or clock of Input D 
Flip-Flops (Group B) 
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@ Separate clock array: 


~ Separate clock array for JKFFs clock 
inputs 

- 4 inputs to clock array originated from 
NAND array 

- 4inputs (with programmable polarity) 
directly from input pins 

~ 10 inputs from Q outputs of JKFFs with 
clear 


® Dedicated clocks: 


~ One dedicated clock for input DFFs 
(Group A) 
— Two dedicated clocks for output DFFs 


® Scan test feature: 


~ Scan chain is implemented through the 
20 buried JKFFs and 16 output DFFs 

— Pins SCI, SCM, and CKE1 are used to 
operate the scan test 


® Power down mode 


— Dedicated pin (PD) freezes the circuit 

when brought to logic “1”. The circuit 
_remains in the same state prior to the 

logic “O” to logic “1” transition of the “PD” 
pin. 

- When in the power down mode, the SCI 
pin acts as the 3-State pin for the 24 
outputs. 


®@ Power on reset: 


- = All flip-flops (16 input DFFs, 20 buried 
JKFFs, and 16 output DFFs) are reset to 
logic “O” after Voc power on. 


ARCHITECTURE 

The core of the PML2552 is a sFearunGble 
NAND array of 96 NAND gates and 20 buried 
JKFFs. The output of each NAND gate folds 
back upon itself and all other NAND gates 
and flip-flops. The ‘Q’ and ‘Q' output of each 
flip-flop also folds back in the same manner. 
Thus, total connectivity of all logic functions is 
achieved in the PML2552. Any logic function 
can be created within the core without 
wasting valuable I/O pins. Furthermore, a 
speed advantage is acquired by 
implementing multi-level logic within a fast 
internal core without incurring any delays 
from the I/O buffers. Figure 1 shows the 
functional block diagram of the PML2552. 


Macro Cells 

There are 16 bypassable DFFs on the input 
to the NAND array. These flip-flops are split 
in two banks of 8 (Bank A and Bank B). Each 
bank of flip-flops has a common clock. In the 
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unprogrammed state of the device the flip- 
flops are active. In order to bypass any DFF, 
its respective bypass fuse (BFAx) must be 
programmed. 


The 16 1/0 pins (IOg - 1045) and their 

respective D flip-flop macros can be used in 

any one of the following configurations: 

1. As combinatorial input(s). 
Each of the 16 3-State outputs can be 
individually disabled by the associated 
NAND term and the pin is used as an 
inverting or non-inverting input. 

2. As registered DFF outputs. 
These DFFs are split into two banks of 8, 
and each bank is clocked separately. The 
bypass fuse BFBy (see PML2552 Logic 
Diagram) is used to bypass any one of 
these DFFs. The flip-flops are all active in 
an unprogrammed device. 

3. As combinatorial outputs. 
By programming the bypass (BFBy) fuse 
of any one of the DFFs, the flip-flop(s) is 
bypassed. The I/O pin can then be used 
as a combinatorial output. 

4. As Internal foldback DFFs or foldback 
NAND gates. 
When the I/O pin is used as an input, the 
output macro can be used as an internal 
DFF or a foldback NAND term. If the 
bypass fuse is programmed, the macro 
will act as a foldback NAND term. 
Otherwise it will act as an internal DFF. 


The 8 bidirectional pins (BO-B7) can be used . 


as either combinatorial inputs or outputs with 
programmable polarity. The Exclusive-OR 
polarity gates are non-inverting in the 
unprogrammed state. 


The NAND signal labeled ‘OD’ (Output 
Disable) shown on the PML2552 logic 
diagram is used for the Power Down mode 
operation. This signal disables the outputs 
when the device enters the Power Down 
mode and SCI is high. 


Clock Array 

The 20 buried JKFFs can be clocked through. 
the ‘Clock Array’. The Clock Array consists of 
11 NAND terms. Ten of these terms are 
connected to the clock inputs of the Bank A 
flip-flops that can be clocked individually. One 
NAND gate is connected to Bank B flip-flops 
that have a common clock. There are 18 
inputs to the clock array. Four come directly 
from the input pins (with programmable 
polarity), 4 inputs are from 4 NAND gates 
connected directly to the folded NAND array. 
10 inputs are from the Q outputs of the 
JKFFs with clear. 
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SCAN TEST FEATURE 

With the rise in the ratio of devices on a chip 
to the number of I/O pins, Design For 
Testability is becoming an essential factor in 
logic design methodology. The PML2552 
incorporates a variable length scan test 
feature which permits access to the internal 
flip-flop nodes without requiring a separate 
external I/O pin for each node accessed. 
Figure 2 (Scan Mode Operation) shows how 
a scan chain is implemented through the 20 
buried JKFFs and 16 output DFFs. Two - 
dedicated pins, SCI (Scan In) and SCM 
(Scan Mode), are used to operate the scan 
test. The SCM pin is used to put the circuit in 
scan mode. When this pin is brought to a 
logic “1”, the circuit enters the scan mode. 


SCAN MODE OPERATION 


00 1/014 vO1 013 


In this mode it is possible to shift an arbitrary 
test pattern into the flip-flops. The SCI pin is 
used to input the pattern. The inverted 
outputs of flip-flops DO - D15 are observable 
on pins 1/00 - 1/015. 


The following are features and characteristics 

of the device when in Scan Mode: 

1. CKE1 is the common scan-clock for all 
the flip-flops when in scan mode. CKE1 
overrides all clock resources of normal 
operational mode. 


2. The Preset (PR) and Clear (CL) functions 
of the flip-flops are disabled. 


3. Scan overrides the bypass fuse of the 


flip-flops. This means that all the 


VO2 W012 VO3 VO11 04 1/010 


(COMMON CLOCK (CKE1) FOR ALL FLIP-FLOPS WHEN IN SCAN MODE) 
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bypassable DFFs remain intact during 
scan operation even though they may 
have been bypassed during normal 
operation. 


. To observe the SCAN data, the output 


buffers must be enabled by the Output 
Enable (tri-ctrl) terms. 


. The outputs of the flip-flops are 


complemented on pins 1/O0 - 1/015. 


. All external inputs to flip-flops in the scan 


chain are disabled when the device enters 
the scan mode. 


. Blowing the security fuse does not disable 


the Scan Test feature. 


vOS VO9 VO6 1/08 
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SCAN TEST STRATEGY | 5. To read result of the state transition, 6. As the results are being read and stored, 
The scan test pattern is design dependent re-enter scan and apply the scan clock ~ new ‘Test Data’ can be entered via SCI. 
and the user must make considerations for (ORE |) Me reset outs sae raneion” 7 Repeat for all test patterns of interest. 
Design For Testability (DFT) during the initial in JKCL9 will be available at SCOUT 
stages of the design. A typical test sequence (I/O15) after 36 clocks. The results canbe 8. Figure 3(FLOW_CHART) depicts a flow 
is to pre-load (i.e., enter a state); revert to stored in a user defined test memory chart version of the test sequence. 
normal operation (i.e., activate the next state buffer in inverted logic representation. 


transition); go back to scan mode to check 
the result. Note that the scan test feature 
available in the PML2552 is a variable length 
scan chain. The DATA entered at SCI TEST INTEGRITY OF SCAN CHAIN. | 


ASSUME 36-BIT SCAN CHAIN, 
(JKCL9) can be accessed anywhere between IF LESS, SET COUNT = LENGTH -1. 


21 clock cycles (at I/O0) to 36 clock cycles 
(at l/O15). For the strategy discussed here, 


DATA is read out after 36 clocks at I/O15 eer eeuc4 
(i.e., D15). The following operation sequence SET COUNT = 35 
suggests a possible scan test method. 


A conservative test policy demands proof that 
the test facility is working. Thus, to prove 


: ede TEST DATA READY AT ‘SCI INPUT 
Scan Chain holds and maintains correct data: 
a. Fill chain with several patterns (for 
example, all ones and all zeros). a 
APPLY SCAN CLOCK 
The user is responsible for managing an 
external test memory buffer for applied 
READ OUT RESULT AND 
vectors and results, as part of the test STORE IN TEST MEMORY! 
equipment. 


1. Parallel readout of I/O0 - 1/015 is 


possible, but assume only I/O15 is used 
for this strategy. COUNT = COUNT -1 


2. The first DATA entered at SCI (or JKCL9) 
will be the content of D15 after 36 clocks. 
This DATA will be inverted at the output 
pin 1/015 (i.e., SCOUT). The last DATA 


wi SELECT NEXT TEST DATA 
entering the scan chain will be the content AND APPLY To SCI 
of JKCL9. Thus, the scan chain 
resembles a first-in-first-out shift register 
with inverted outputs (I/O0 - 1/015). YES - TEST IS ARMED 


(CHAIN IS FULL, 
3. ‘Test Data’ is read in at the SCI input and TEST STATE ENTERED) 


read out of the SCOUT output pin (1/015). SET SCM =0 
To enter ‘Test Data’: (NORMAL OPERATING MODE) 


a. Put device in Scan Mode by applying 


the scan control signals (SCM=1). 
APPLY SYSTEM CLOCK AND 
i eave antec) 


c. Apply consecutive serial test vectors. 


b. Retrieve same patterns. 


d. Read back results as new ‘Test Data’ errs rlace sociee 
(States) are applied. The first 36 AS NEW TEST VECTOR IS LOADED 
outputs read at SCOUT (1/015) are 
random (‘old’) data (e.g., remnant of 


Step 1). 
e. Apply 36 ‘Test Data’ until the chain is NOTE: 
full. 1. The first 36 outputs are random (‘OLD’) data. 


4. To apply ‘Test Data’ (States), exit Scan 


Mode and apply on system clock together Figure 3. FLOW CHART 
with any other possible test vectors. _ 


April 18, 1991 474 


Philips Semiconductors—Signetics Programmable Logic Devices Product specification 


CMOS high density programmable macro logic PML2552 


A Simple Example 

Assume the last three cells of the scan chain 
(JKCL9, JKCL8, JKCL7 in Figure 4 contain a 
3-bit up counter. Our test vector will be a 

single clock applied to the counter. Suppose 

we wish to first check the State 5(i.e., 101) to Sci es 8 | P| Ea we 
State 6 (i.e., 110) transition, then the State 3 

(i.e.,011) to State 4 (i.e., 100) transition. ee wage a ae 

Assume the scan chain has been pre-verified 


AND APPLY COUNTER CLOCK 
Enter scan mode (set SCM=1)I apply 36 bits = 
in sequence so that the value 107 (i.e., State 
5) resides in the last three cells. Exit scan 
mode (set SCM=0) and apply a single clock 


to the counter. Now the value 770 (i.e., State 


6) resides in the last three cells. Re-enter 
scan mode (set SCM=1) and read back 36 scl hae ea po | ee 229 
bits from position 1/015. Note that the outputs 


are complemented and are also read back in aRCES ea nae SKCKS 
the reverse order. Therefore the value for 
STATE 6 read at 1/015 will be 100 which is 


the complement of STATE 6 (110) read in the 


reverse order. 


LOAD STATE 51N SCAN CHAIN 


As this is being read back, apply a new state, 
serially equal to the value 071 (i.e., State 3). 
This state should be loaded on the last three 
clock cycles during which STATE 6 is being 
read back at I/O15. After STATE 3has been 
loaded (and STATE 6 read back), exit scan 
mode and apply a single clock which will 
invoke the STATE 3 (i.e., 011) to STATE 4 
(i.e., 100) transition. Re-enter scan mode and iAar eo oN heer Clone 
read back 36 bits at 1/015. The last three bits 

should contain 110 which is the complement 
of State 4 read in the reverse order. Figure 4 
(SCAN_EXAMPLE) shows a flow diagram of 
this example. Note that the States will always 
be complemented and read back in the as ee oe or 
reverse at |/O15. Other sequences may be 

applied in the same manner: 


| EXIT SCAN MODE (SCM = 0) 
A possible alternative to this example is to AND APPLY COUNTER CLOCK 


vO14=0 013=0 012 =X 


D15 D14 D13 D12 
STATE 61N REVERSE ORDER (OUTPUTS COMPLEMENTED 


read back the output states at I/O0 (DO) 


instead of 1/015 (JKCL9). This will allow the ae SchN MONE 


outputs to be read back after 21 clock cycles 
rather than the 36 used in the above 


example. 3 | , : 


STATE 4 


JKCL9O JKCL8 JKCL7 JKCL6 


APPLY 33 SCAN CLOCKS 


VO4 =1 013 =0 VO12 =X 


. Dd D14 D13 D12 
STATE 41N REVERSE ORDER (OUTPUTS COMPLEMENTED 


Figure 4. SCAN_EXAMPLE 
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POWER DOWN 

The PML2552 offers the user controlled 
capability of putting the device to “sleep” 
where power dissipation is reduced to very 
low levels. When brought to a logic “1”, the 
PD pin freezes the circuit while reducing the . 
power. All data is retained. This not only 
includes that of the registers, but also the 
state of each foldback gate. For those cases 
where it is desirable to 3-State the outputs, 
that can be accomplished by raising the SCI 
pin to a logic “1”. 

There is one point that should be noted while 
the circuit is in its power-down mode. The 
switching of any external clock pin will cause 
a disruption of the data. All clocks must be 
frozen before the circuit goes into power- 
down and stay that way until it powered back 
up. Clocks that are internally generated and 
feed the clock array are automatically 
stopped by the power-down circuitry. Any 
other input can toggle without any loss of 
data. 


NOTE: 

1. During power down, external clocks (CKA, 
CKB/CKC, CKE1, CKE2) should not 
change. . 

2. SCM must be “0” as in normal operation 
mode. 

3. External clock recovery time (low-to-high) 
is 6Ons (high-speed) and 7Ons (standard) 
after the device is powered up. 

4. Power Down Timing Diagrams on pages 
17 and 18 are for combinatorial operation 
only. 


DEVELOPMENT TOOLS 

The PM2552 is supported by the Signetics 
SNAP software development package and a 
multitude of hardware and software 
development tools. These include industry 
standard PLD programmers and CAD 
software. 


ABSOLUTE MAXIMUM RATINGS! 


NOTE: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 


Tw | teewtcurons wad 


ee 


SNAP 


Features 
© Schematic entry using DASH™ 4.0 or 
above or OrCAD™ SDT Ill 


® State Equation Entry 


® Boolean Equation Entry 


. @ Allows design entry in any combination of 


above formats 


‘® Simulator 


- Logic and fault simulation 

— Timing model generation for device 
timing simulation 

— Synthetic logic analyzer format 


®@ Macro library for standard TTL and user 
defined functions 


®@ Device independent netlist generation 


-@ JEDEC fuse map generated from netlist 


SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 
combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 
the user the freedom to design independent 
of the device architecture. 


The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms. SNAP merges the 
inputs, regardless of the type, into a high- 
level netlist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 


SNAP'’s simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 


+100 


indicated in the operational and programming specification of the device is not implied. 


DASH is a trademark of Data /O Corporation. 
OrCAD is a trademark of OrCAD, Inc. 


IBM is a registered trademark of International Business Machines Corporation. 
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complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. . 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 


SLICE 

SLICE, which supports Signetics PLD line, is 
easy to understand and simple to use. Select 
a PLD, assign input and output pins and 
enter the desired equations in either Boolean 
or state form. SLICE then checks the 
equations for errors. It automatically 
generates a JEDEC-format fuse map for 
downloading to a PLD programmer. 


Fully menu driven, SLICE incorporates a fuse 
table editor for making quick modifications to 
the design and a test vector editor for input of 
test vectors. 


A built-in Boolean equation extractor allows 
existing PLDs to be used as the basis fora 
new design. the extractor reads JEDEC 
information from a PLD and creates a file — 
containing the corresponding Boolean 
equations. The result can then be used to 
consolidate several PLD designs into a 
single, denser part. 


And SLICE is upward compatible with 
Signetics extensive design suite, SNAP. 


DESIGN SECURITY 

The PML2552 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary design 
implemented in the device cannot be copied 
or retrieved. 


THERMAL RATINGS 
TEMPERATURE 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tam < +75°C, 4.75V < Voc < 5.25V 


SYMBOL PARAMETER TEST CONDITIONS — ] MIN | Typt |) MAX =| UNIT 


Input voltage 


Vin High Voc = MAX 2.0 Vcc + 0.3 V 
Output voltage 


lit Low Vin = GND pA 
lie High Vin = Voc pA 
Output current 


Vout = GND 


lou Output High Voc = MIN, Vour = 2.4V 
Output Low Voc = MIN, Vout = 0.45V 


CMOS input? 
TTL input? 
CMOS input 
TTL input 


Vcc supply current Voc = MAX, No load 
f = 1MHz 
Voc = MAX, No load 


PD = Vi 


Standby Vcc supply current 


Vcc = 5V, Tamb = +25°C, Vin = 2.0V 
Voc = SV, Tamb = +25°C, Vio = 2.0V 


1. All typical values are at Voc = 5V, Tam = +25°C. 

2. CMOS inputs: Vy. = GND, Viy = Voc. 

3. TTL inputs: Vy = 0.45V, Viy = 2.4V. 

4. All voltage values are with respect to network ground terminal. _ 

5. Duration of short-circuit should not exceed one second. Test one at a time. 
6. Alcc vs. Frequency = 4mA/MHz max. 


TEST LOAD CIRCUITS a VOLTAGE WAVEFORMS 


+3.0V— — — — 


OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTES: 
C and Co are to bypass Voc to GND. 
Test Load Ry = 7502, Ro = 4422, Cy = 30pF (Cy. = 5pF for Output Disable) 


O°C < Tamb < +75°C, 4.75V < Voc < 5.25V input Pulses 
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MACRO CELL AC SPECIFICATIONS 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


Input Buffer 
(DIN552, NIN552, BDIN55, BNIN552 
CDIN552, CNIN552, CKDIN552, CKNIN552, IDFF552*) 


PARAMETER LIMITS 
SYMBOL From | PML2552-35 | PML2552-50 
coma | nn [em [a 

7 
7 
7 
7 

* When D aay is bypassed. 

Input Pins: 8-14, 16, 17, 20, 22-24. 


Bidirectional Pins: 1-3, 5-7, 46—48, 50-54, 57-64, 67, 68. 
Bypassed D flip-flop at pins 26, 28-31, 33-35, 37, 39-45. 


Internal NAND of Main Array 
(FBNAND, NAND) 


x | ) Y 
[—pawaweren —[uwts us 
SYMBOL From | _Putassaas | _pmu2ss2s0 
pose rive [wax [wn [1¥P [wae 
20 
2 


| MIN 
ag 15 
et 2 ee 


Internal NAND of Clock Array 
(NAND) 


pamaMeTeR [ums [ums 
syuso. [To [—Puzssaa5 | pwzss250 
Pa i-¥ 
X 10 7 


tPHL Y 7 
tpLH Y 7 
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MACRO CELL AC SPECIFICATIONS (Continued) | 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


3-State Output with Programmable Polarity 
(TOUT552 + EXOR552) 


ae tee eee 
RERERREES 
(i a aS 


Tri-Ctrl 
Programmable ——Z-7” 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Connection BFC 


Atpp vs Output Capacitance 


Loading (Typical) 
PARAMETER LIMITS 


SYMBOL From PML2552-35 
(Output) 


Bidirectional Pins: 46—48, 50-54. 


I/O Output Buffer with 3-State Control, DFF Bypassed 
(TOUT552 + NAND) 


A tppins) 
ort NB 8 ke Ha NSN 


bees 
eee 
ee 
Ea ae 
Palade 
aay 
nea 
A_| 
Cas a Oe 


0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


oe a eS 
Aine se Se 
ee 


es Y| 
ae a 
Le i 
Sevarae 
Lh cy 
ABS Ea 
eae es 
eae & 


Atpp vs Output Capacitance 
Loading (Typical) 


=) 
SYMBOL 
(Output) 


/O Pins: 1-3, 5-7, 57-64, 67, 68. 


lotes on page 483. 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
DFLIP-FLOP > | 7 


Output DFF Used Internally 
(ODFF552) 


LIMITS 
SYMBOL PARAMETER PML2552-35 PML2552-50 UNIT 


/D setup time to CKE 


PARAMETER LIMITS 
SYMBOL To PML2552-35 PML2552-50 UNIT 
(cup __[ wi [ve [wax [win [rv [Max 
teLy CKE T 20 | 
teHL CKET | 20 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
D FLIP-FLOP (Continued) 


Input and Output 
(IDFF552 & ODFF552) 


Qo, Up represent previous stable condition of Q, O. 


LIMITS 


PML2552-35 PML2552-50 


0 2 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Atpp vs Output Capacitance 
Loading (Typical) 


PARAMETER LIMITS 
SYMBOL From To PML2552-35 _ PML2552-50 UNIT 
(pat coups [win [ tv [wax | win [rv [MAX 
tet CKA, CKB/CKC T Q,d 15 
toy CKA,CKB/CKCT Q,Q 15 
tony . CKET 
teHL CKE T 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
JK FLIP-FLOPS 


(JKPR552) (JKCL552) 


ss Me re Te Pe pa 


SYMBOL PARAMETER 


ico 
a SS 
ice | eeeegereneney | 
re 
ro 


wereHiah | cKzeoniGe ———SCSC~ CO 
Pwoatow | oxeceatow iO 
ae as re 
Phaoiiik | Wikhosinewoxicxe spo | | fo] | | ~ 
TwPAtow | Preetiowpeiod ———SC~—~—s | | dw | dT 
a K-80 GA J 


| ETER LIMITS 
SYMBOL PML2552-35 PML2552-50 UNIT 
coupe [une [ove [wax] wn [ 1 [wa 


tPLH . |e 2 Qo d 
te CK1,2 Q,Q 
PR Q, 0 12 18 17 
se PR Q,d 12 | 18 17 . 
tPLH CL Q,d 12 18 17 
tPHL CL QQ 12 18 17 
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AC ELECTRICAL CHARACTERISTICS 
°C < Tam S$ +75°C, 4.75V < Voc ¢ 5.25V, Vpp = Voc, 
2; = 7500, Ro = 442Q, C, = 5pF for Output Disable) (See Test Load Circuit Diagram) 


SYMBOL PARAMETER PML2552-35 UNIT 
| MAX | [MAX | 

Scan mode operation! 

tscms Scan Mode (SCM) Setup time fa asl 
tScMH Scan Mode (SCM) Hold time 
tis Data Input (SCI) Setup time 
tiy Data Input (SCI) Hold time 
tcxo Clock to Output (I/O) delay 
tcKH Clock High 
tcKL Clock Low 


_ 
oO 


_ 
o 


Power down, power up? 
ty Input (I, bypassed I/DA, I/DB, I/O, B) setup time before power down 
to Input hold time 
ts Power Up recovery time 
| ty Output hold time 


| MIN 
Lae 
Ea 3] 
Ld 
Ee 
ae 
ee 
zoe 
a! 
roe 
ae 
| 2s 


Input setup time before Power Up 25 


SN 


toe SCI to Output Enable time? 
top SCI to Output Disable time? 


an 


tg Power Down setup time 


aoa 
| Pomertpwoupuais ———SOCSC—C—s—‘tiSCd | 


Power-on reset 


tppri Power-on reset output register (Q = 0) to output (I/O) delay ff to ff ts ons 


Power-on reset input register (Q = 0), buried JK Flip-Flop (Q = 0) 50 

'ppR2 to output (B, bypassed I/O) delay 
lOTES: 
. SCM recovery time is 50ns after SCM operation. 50ns after SCM operation, normal operatioris can be resumed. 
. Timings are measured without foldbacks. 
. Transition is measured at steady state High level (-SOOmV) or steady state Low level (+500mV) on the output from 1.5V level on the input 
with specified test load (R; = 750Q, Ro = 442Q, C, = 5pF). This parameter is sampled and not 100% tested. 
. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 


closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. 
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TIMING DIAGRAMS 


| itce 
IMPEDANCE VoL, 
ee ee 
+3V 
Sci f 1.5V \ 1.5V 
OV 


Power Down, Power Up 
Input (old) Ready Before Power Up 
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TIMING DIAGRAMS (Continued) 


i, BYPASSED UDA, i/DB, I/O, B 


PD 


S eof 

OH 
B,V/O 1.5 el = GH —, CX 1.5V 
* if oo [x toe |. | 


1.5V 
OV 


Power Down, Power Up 
input (new) Ready After Power Up 


1, BYPASSED I/DA, 1/DB, I/O, B Eusv XX 7 


1.5 
ale to — tg tpp 
+3V 


PD 1.5V 1.5V 


tee ; 
OH 
Xk KE) 
t6 
r 


tpp 


Vor 
toe +3V 
scl 1.5V 1.5V 

Ov 


Power Down, Power Up 
Input (new) Ready Before Power Up 


+5V 


VOH 
vo 
VoL 
VOH 
B, V0 1.5V 
VoL 


Power-On Reset 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


08 - 015 
00 -V/O7 


VCKB/CKC 


CK2 = CK1}. 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PML2552 
device is such that erasure begins to occur 
upon exposure to light with wavelengths 
shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and 
certain types of fluorescent lamps have 
wavelengths in the 3000 — 4000A range. Data 
shows that constant exposure to room level 
fluorescent lighting could erase a typical 
PML2552 in approximately three years, while 
it would take approximately one week to 


PROGRAMMING 


cause erasure when exposed to direct 
sunlight. If the PML2552 is to be exposed to 
these types of lighting conditions for 
extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 
PML2552 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 
Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should 
be a minimum of 15Wsec/cm2. The erasure 
time with this dosage is approximately 30 to 


Refer to the following charts for qualified manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES 


DATA I/O CORPORATION 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 


(800)247-5700 


STREBOR DATA COMMUNICATIONS 
1008 N. NOB HILL 
AMERICAN FORK, UTAH 84003 


-BASIC COMPUTER SYSTEMS AG 
WOLFGANG-PAULI-GASSE 
A-1140 WIEN-AUHOF, AUSTRIA 


SMS — W. STEUDEL 
IM MORGENTAL 13 
D-8994 HERGATZ, GERMANY 


SYSTEM GENERAL 
244 SOUTH PARK VICTORIA DRIVE 
MILPITAS, CALIFORNIA 95035 


Part Number: AS-68-40-04P-6 


UNISITE 40/48 
V2.8 
Pinsite — V2.0 


PLP-S1A Programmer 
MP68CC Adaptor 


UP2000 
Rev. 2.25 


SPRINT PLUS/EXPERT 
- Rev. 4/91 


TURPRO-1 
Rev. 1.42 


Needs a 40-pin DIP to 68-pin PLCC adaptor that is available from Emulation Technology. 


EMULATION TECHNOLOGY, INC. 
2368B Walsh Avenue, Building D 


Santa Clara, California 95051 


Telephone No. (408) 982-0660 


Fax. No. 


SIGNETICS COMPANY 

811 EAST ARQUES AVENUE 

P.O. BOX 3409 

SUNNYVALE, CALIFORNIA 94088-3409 


(408)991-2000 


April 18, 1991 


(408) 982-0664 


. _ SOFTWARE MANUFACTURER 
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35 minutes using an ultraviolet lamp with a 
12,000.W/cm2 power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 7258Wsec/cm2 
(1 week @ 12,000uW/cm2). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 


The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 


15908C* (with adaptor) 
15908D (with pinsite) 


DEVELOPMENT SYSTEM 


SNAP SOFTWARE 


REV. 1.4 AND LATER 
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FEATURES 


® Wide gates for efficient product term use 


® Multiple I/O pins for 16-32 bit buses or up 
to 32-bit data flow 


® Multiple I/O pins for multiple-port data 
handling 


@ Multiple clocks for independent state 
machines and storage banks 


® 100% connectible, no place and route 
restrictions 


® Erasable and one time programmable 
versions available 


® Scan test 


@ Low CMOS power dissipation = 
525mW max. 


®@ Power down mode (52mW max.) 
®@ Power on reset 
© Security fuse for copy protection 


© Supported by advanced SNAP and SLICE 
development systems 


PERFORMANCE 


® 35ns max. pin-to-pin for 32-bit decoders 


® 40ns max. internal, 55ns max. pin-to-pin for 
16-bit multiplexers 


® 33MHz max. throughput for 16-bit latches 
@ 18-50MHz max. for 10-bit counters 

@ 31MHz max. for 10-bit shift registers 

® 15ns (typ.) delay for internal NANDs 

@ SOMHz max. flip-flop toggle rate 


APPLICATIONS 


® Bus interface and control (microchannel, 
VME, NuBus, etc.) 


®@ Microcomputer peripheral interface and 
control (printers, SCSI, hard disk drives, 
etc.) 


®@ Multiport memory control and arbitration 
(cache, DRAM, VRAM, etc.) 


@ Intelligent instrumentation (data acquisition, 
testers, medical equipment, etc.) 


NuBus is a trademark of Texas Instruments, Inc. 


November 1, 1991 


® |ndustrial control (process control, motor 
control, engine control, etc.) 


® Communication network control (LAN, 
Ethernet, T1, TDMA, etc.) 


© General purpose logic integration 


® Laptops, pocket computers, and handheid 
instruments 


® Low-end gate array replacement for quick 
prototyping 


SNAP DEVELOPMENT SYSTEM 


® Supports third-party schematic entry 
formats 


® Versatile EDIF-compatible netlist format for 
design portability 


® TTL macro library for automatic mapping 
® Logic, timing, and fault simulation 

® Automatic test vector generator 

© Espresso logic minimizer 


® Boolean equation extractor from JEDEC 
fusemap 


SLICE DEVELOPMENT SYSTEM 


@ Easy to learn and use 

® State or Boolean equation entry 
® Fusetable editor 

© Test vector editor 

® Boolean equation extractor 

@ JEDEC fusemap compiler 

@ Upward compatible with SNAP 


DESCRIPTION 

The Signetics family of Programmable Macro 
Logic is optimized for handling wide buses, 
wide datapaths, and multiple-port applications 
with the highest throughputs among high 
density PLDs and FPGAs. The PML2852 
now expands Signetics CMOS PML product 
offering into the 32-bit arena. Fabricated with 
a high-performance EPROM process, the 
PML2852 is ideal in today’s bus interface 
control, microprocessor peripheral control, 
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memory interface, communications, 
instrumentation, and industrial control. It is 
capable of replacing large amounts of TTL 
SSI and MSI logic, and literally integrates a 
complete custom microcontroller. 


The PML28852 incorporates the folded NAND 
array architecture, which provides 100% _ 
connectivity to eliminate the routing 
restrictions associated with other high density 
PLD/FPGA architectures. The array of 
wide-input NAND gates enables the designer 
to implement any wide-gate logic function, _ 
from decoders to multiplexers, with no more 
than two gate-level delays. It also allows 
implementation of multiple levels of logic 
within the chip, without wasting I/O pins. Its 
flexible and potent flip-flop building blocks 
provide for high throughput data storage, high 
speed state machines, and fast counters. 


The PML2882 also incorporates two unique 
features: scan test and power down. With 
user-controlled scan test, the PML2852 
significantly reduces system functional test 
time by providing access to all of its internal 
registers. In the user-controlled power down 
mode, the PML2852 power dissipation is 
reduced to a mere 52mW, making it ideal for 
laptop or pocket computers and handheld 
instruments. 


Thanks to its high density and its flexible 
architecture, the PML2852 provides instant 
gate array capabilities for all general purpose 
logic integration. As such, the PML2852 
eliminates the NRE costs, risks, inventory 
problems, and hard to use design tools 
associated with semicustom and full custom 
approaches. It allows the designer to quickly 
bring concepts to silicon for faster learning 
cycles and a much shorter time to market. 
Functional prototypes are available within 
minutes. 


The SNAP development software is designed 
to fully exploit the flexibility and density of the 
PML2852. It accepts a variety of design entry 
formats, including schematic, logic equations, 
and state equations in any combination for 
maximum flexibility. Its powerful features, but 
ease of use, allows literally push-button 
operation. 


Together, the PML2852 and SNAP constitute 
the designer's personal desktop silicon 
foundry. 


853-1586 04548 
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YRDERING INFORMATION 
DESCRIPTION 
84-pin Plastic Leaded Chip Carrier 


84-pin “J” Leaded Ceramic Cerquad Package p  8Bns PML2852-35KA 


84-pin Plastic Leaded Chip Carrier 
84-pin “J” Leaded Ceramic Cerquad Package 


IN CONFIGURATION FUNCTIONAL BLOCK DIAGRAM 


A and KA Packages 


16 
INPUT 
D FUP-FLOPS 
& 


13 DEDICATED 
INPUTS 


P 
R 
Oo 
G 
R 
A : 
?in Function Pin Function Pin f tO nies 
1 vos 29 PD 57 A 
2 vo4 30 VDB7 58 FOLDED B 
3 O03 31 VDB6 59 nay : 
4 Vvcct 32 VDB5 60 
5 V2 33 VCC5 61 
6 vol 34 VDB4 62 T 
7 voo 35 VDB3 63 E 
8 03 36 VDB2 64 a 
9 02 37. «vOBI 65 rs 
10 O1 38 DBO 66 
11 00 39 VDA7 67 10 E 
12 18 40 VSS2 68 JK FUP-FLOPS ¢C 
1917 41 VDAG 69 Poin T 
14 16 42 WDAS 70 CLK 
15 15 43 VDA4 71 
16 14 44 CKA 72 
17 13 45 VDA3 73 
18 12 46 VCC3 74 
19 VSS1 47 VDA2 75 
20 1 48 DAI 76 | 16 DEDICATED 
21 10 49 VDAO 77 OUTPUTS 
22 SCM 50 O15 78 
23 SCI 51 O14 79 
24 VCKD3 52 013 80 
25 VCC2 53 O12 81 
26 UCKD2 54 O11 82 
27“ VCKD1 55 O10 83 
28 UCKB/CKC 56 O09 84 


Figure 1. 


ember 1, 1991 489 


Product specification 


Philips Semiconductors—Signetics Programmable Logic Devices 


PML2852 


CMOS high density programmable macro logic 


LOGIC DIAGRAM 


012-015 


8 
1 


VDAO4/DA7 


106 - 1/015 


(SCAN OUT) 


TS 
CCH A 


Ree 
LCKA) 
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STRUCTURE 

© 112 possible foldback NAND gates: 
~- 96 internal NAND 
- 16 from the I/O macros 


®@ 114 additional logic terms 


© 53 possible inputs (with programmable 


polarity) 
— 29 dedicated inputs 


— 24 bidirectional I/Os 
®@ 24 bidirectional pins 
® 16 dedicated output pins 
® 52 flip-flops 


® 40 possible outputs with Output Enable 
control (8 with programmable polarity) 


® Multiple independent clocks 


® 20 Buried JK-type flip-flops with foldback 
(JKFFs): 


- 10 JKFFs with one shared preset signal 
and one shared clocked signal 
originating from the clock array. 


- 10 JKFFs with 10 independent clock 
Signals originating from the clock array 
and 10 independent clear signals 


D 258 inputs per NAND gate 


» Bypassable Input D-type flip-flop 
(DFFs)/Combinatorial Inputs: 
- 16 DFFs/combinatorial inputs 

_ + DFFs clocked in two groups of eight 


~- DFFs not bypassed in unprogrammed 
state 


- Independent bypass fuse on each DFF 
> Inputs/bypassable D-type flip-flop 
outputs/foldback NAND gates: 


- 16 output DFFs/combinatorial 
inputs/outputs with individual Output 
Enable control 


~ DFFs clocked in two groups of eight 


- DFFs not bypassed in unprogrammed 
state 


- Independent bypass fuse on each DFF 

~ The DFF can be used as an internal DFF 
or an internal foldback NAND gate. 

» Combinatorial inputs: 

~ 9 dedicated inputs to the NAND array 

~ 3 inputs optional to NAND array and/or 
clock array 

- 1 input optional to NAND array and/or 
Clock array, and/or clock of Input D 
Flip-Flops (Group B) 
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© Separate clock array: 


- Separate clock array for JKFFs clock 
inputs 

- 4 inputs to clock array originated from 
NAND array 

— 4inputs (with programmable polarity) 
directly from input pins 

— 10 inputs from Q outputs of JKFFs with 
clear 


® Dedicated clocks: 


— One dedicated clock for input DFFs 
(Group A) 

— Two dedicated clocks for output DFFs 
(Group E) 


® Scan test feature: 


- Scan chain is implemented through the 
20 buried JKFFs and 16 output DFFs 


~ Pins SCI, SCM, and CKE1 are used to 
operate the scan test 


® Power down mode 


- Dedicated pin (PD) freezes the circuit 
when brought to logic “1”. The circuit 
remains in the same state prior to the 
logic “0” to logic “1” transition of the “PD” 
pin. 

— When in the power down mode, the SC/ 
pin acts as the 3-State pin for the 40 
outputs. 


® Power on reset: 


- All flip-flops (16 input DFFs, 20 buried 
JKFFs, and 16 output DFFs) are reset to 
logic “O" after Voc power on. 


ARCHITECTURE 

The core of the PML2852 is a programmable 
NAND array of 96 NAND gates and 20 buried 
JKFFs. The output of each NAND gate folds 
back upon itself and all other NAND gates 
and flip-flops. The ‘Q’ and ‘@' output of each 
flip-flop also folds back in the same manner. 
Thus, total connectivity of all logic functions is 
achieved in the PML2852. Any logic function 
can be created within the core without 
wasting valuable I/O pins. Furthermore, a 
speed advantage is acquired by 
implementing multi-level logic within a fast 
internal core without incurring any delays 
from the I/O buffers. Figure 1 shows the | 
functional block diagram of the PML2852. 


Macro Cells 

There are 16 bypassable DFFs on the input 
to the NAND array. These flip-flops are split 
in two banks of 8 (Bank A and Bank B). Each 


491 


Product specification 


PML2852 


bank of flip-flops has a common clock. In the 
unprogrammed state of the device the flip- 
flops are active. In order to bypass any DFF, 
its respective bypass fuse (BFAx) must be 
programmed. 


The 16 I/O pins (IOg - 1045) and their 

respective D flip-flop macros can be used in 

any one of the following configurations: 

1. As combinatorial input(s): 
Each of the 16 3-State outputs can be 
individually disabled by the associated 
NAND term and the pin is used as an 
inverting or non-inverting input. 

2. As registered DFF outputs: 
These DFFs are split into two banks of 8, 
and each bank is clocked separately. The 
bypass fuse BFBx (see PML2552 Logic 
Diagram) is used to bypass any one of 
these DFFs. The flip-flops are all active in 
an unprogrammed device. 

3. As combinatorial outputs: 
By programming the bypass (BFBx) fuse 
of any one of the DFFs, the flip-flop(s) is 
bypassed. The I/O pin can then be used 
as a combinatorial output. 

4. As Internal foldback DFFs or foldback 
NAND gates: 
When the I/O pin is used as an input, the 
output macro can be used as a buried 
DFF or a foldback NAND term. If the 
bypass fuse is programmed, the macro 
will act as a foldback NAND term. 
Otherwise it will act as a buried DFF. 


The 8 bidirectional pins (BO-B7) can be used 
as either combinatorial inputs or outputs with 
programmable polarity. The Exclusive-OR 
polarity gates are non-inverting in the 
unprogrammed state. 


The NAND signal labeled ‘OD’ (Output 
Disable) shown on the PML2882 logic 
diagram is used for the Power Down mode 
operation. This signal disables the outputs 
when the device enters the Power Down 
mode and SCI is high. 


Clock Array 

The 20 buried JKFFs are clocked through the 
‘Clock Array’. The Clock Array consists of 11 
NAND terms. Ten of these terms are 
connected to the clock inputs of the Bank A 
flip-flops that can be clocked individually. One 
NAND gate is connected to Bank B flip-flops 
that have a common clock. There are 18 
inputs to the clock array. Four come directly 
from the input pins (with programmable 
polarity), 4 inputs are from 4 NAND gates 
connected directly to the folded NAND array. 
10 inputs are from the Q outputs of the 
JKFFs with clear. 
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SCAN TEST FEATURE 

With the rise in the ratio of devices on a chip 
to the number of I/O pins, Design For 
Testability is becoming an essential factor in 
logic design methodology. The PML2852 
incorporates a variable length scan test 
feature which permits access to the internal 
flip-flop nodes without requiring a separate 
external I/O pin for each node accessed. 
Figure 2 (Scan Mode Operation) shows how 
a scan chain is implemented through the 20 
buried JKFFs and 16 output DFFs. Two 
dedicated pins, SCI (Scan In) and SCM 
(Scan Mode), are used to operate the scan 
test. The SCM pin is used to put the circuit in 
scan mode. When this pin is brought to a 
logic “1", the circuit enters the scan mode. 


SCAN MODE OPERATION 


VOo 014 VO1 013 


In this mode it is possible to shift an arbitrary 
test pattern into the flip-flops. The SCI pin is 
used to input the pattern. The inverted 
outputs of flip-flops DO - D15 are observable 
on pins 1/00 - 1/015. 


The following are features and characteristics 

of the device when in Scan Mode: 

1. CKE1 is the common scan-clock for all 
the flip-flops when in scan mode. CKE1 
overrides all clock resources of normal 
operational mode. 


2. The Preset (PR) and Clear (CL) functions 
of the flip-flops are disabled. 


3. Scan overrides the bypass fuse of the 
flip-flops. This means that all the 


vO2 O12 vO3 VO11 | vO4 1/010 


(COMMON CLOCK (CKE1) FOR ALL FLIP-FLOPS WHEN IN SCAN MODE) 
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bypassable DFFs remain intact during 
scan operation even though they may 
have been bypassed during normal 
operation. 


. To observe the SCAN data, the output 


buffers must be enabled by the Output 
Enable (tri-ctrl) terms. 


. The outputs of the flip-flops are 


complemented on pins I/O0 - I/O15. 


. All external inputs to flip-flops in the scan 


chain are disabled when the device enters 
the scan mode. 


. Blowing the security fuse does not disable 


the Scan Test feature. 
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SCAN TEST STRATEGY 

The scan test pattern is design dependent 
and the user must make considerations for 
Design For Testability (DFT) during the initial 
Stages of the design. A typical test sequence 
is to pre-load (i.e., enter a state); revert to 
normal operation (i.e., activate the next state 
transition); go back to scan mode to check 
the result. Note that the scan test feature 
available in the PML2852 is a variable length 
scan chain. The DATA entered at SCI 
(JKCL9) can be accessed anywhere between 
21 clock cycles (at I/O0) to 36 clock cycles 
(at 1/015). For the strategy discussed here, 
DATA is read out after 36 clocks at I/O15 
(i.e., 15). The following operation sequence 
suggests a possible scan test method. 


A conservative test policy demands proof that 
the test facility is working. Thus, to prove 
Scan Chain holds and maintains correct data: 
a. Fill chain with several patterns (for 
example, all ones and all zeros). 


b. Retrieve same patterns. 


The user is responsible for managing an 
external test memory buffer for applied 
vectors and results, as part of the test 
equipment. 


1. Parallel readout of I/O0 - 1/015 is 
possible, but assume only 1/015 is used 
for this strategy. 


2. The first DATA entered at SCI (or JKCL9) 
will be the content of D15 after 36 clocks. 
This DATA will be inverted at the output 
pin 1/015 (i.e., SCOUT). The last DATA 
entering the scan chain will be the content 
of JKCL9. Thus, the scan chain 
resembles a first-in-first-out shift register 
with inverted outputs (1/O0 - 1/015). 


3. ‘Test Data’ is read in at the SCI input and 
read out of the SCOUT output pin (1/015). 
To enter ‘Test Data’: 


a. Put device in Scan Mode by applying 
the scan control signals (SCM=1). 


b. Clock device with scan clock (CKE1). 
c. Apply consecutive serial test vectors. 


_d. Read back results as new ‘Test Data’ 
(States) are applied. The first 36 
outputs read at SCOUT (1/015) are 
random (‘old’) data (e.g., remnant of 
Step 1). 


e. Apply 36 ‘Test Data’ until the chain is 
full. 


4. To apply ‘Test Data’ (States), exit Scan 
Mode and apply on system clock together 
with any other possible test vectors. 
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5. To read result of the state transition, 6. As the results are being read and stored, 


re-enter scan and apply the scan clock new ‘Test Data’ can be entered via SCI. 
(CKE1). The result of the state transition 
in JKCL9 will be available at SCOUT 
(I/O15) after 36 clocks. The results canbe 8. Figure 3 (FLOW_CHART) depicts a flow 
stored in a user defined test memory chart version of the test sequence. 


buffer in inverted logic representation. 


7. Repeat for all test patterns of interest. 


TEST INTEGRITY OF SCAN CHAIN. 
ASSUME 36-BIT SCAN CHAIN, 
IF LESS, SET COUNT = LENGTH -1. 


SETSCM=1 
SET COUNT = 35 
TEST DATA READY AT ‘SCI INPUT 
APPLY SCAN CLOCK 
READ OUT RESULT AND 
STORE IN TEST MEMORY! 
COUNT = COUNT -1 


SELECT NEXT TEST DATA 
~AND APPLY TO SCI 


YES - TEST IS ARMED 


(CHAIN IS FULL, 
TEST STATE ENTERED) 


SET SCM =0 
(NORMAL OPERATING MODE) ; 


APPLY SYSTEM CLOCK AND 
ANY EXTERNAL TEST VECTORS 


RESULT READY FOR OUTPUT 
ON NEXT 36 CLOCK CYCLES 
AS NEW TEST VECTOR IS LOADED 


NOTE: 
1. The first 36 outputs are random (‘OLD’) data. 


Figure 3. FLOW_CHART 
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A Simple Example 


. LOAD STATE 51N SCAN CHAIN 
Assume the last three cells of the scan chain 


(JKCL9, JKCL8, JKCL7 in Figure 4 contain a 
sa a Tall aes Cp Ok aa 


3-bit up counter. Our test vector will be a 

single clock applied to the counter. Suppose 

we wish to first check the State 5(i.e., 101) to 

State 6 (i.e., 110) transition, then the State 3 ORES KGL aces acs 
(i.e.,011) to State 4 (i.e., 100) transition. STATE 5 

Assume the scan chain has been pre-verified 
and we may begin. 


EXIT SCAN MODE (SCM = 0) 


AND APPLY COUNTER CLOCK 
Enter scan mode (set SCM=1)I apply 36 bits 


in sequence so that the value 1017 (i.e., State 

5) resides in the last three cells. Exit scan : cy 
mode (set SCM=0) and apply a single clock - 

to the counter. Now the value 110 (i.e., State 


6) resides in the last three cells. Re-enter 

scan mode (set SCM=1) and read back 36 Sci ge a atl px eee 
bits from position 1/015. Note that the outputs 

are complemented and are also read back in ohces, ae gene aKCLS 


the reverse order. Therefore the value for 
STATE 6 read at 1/015 will be 100 which is : 
the complement of STATE 6 (110) read in the APPLY 33 SCAN CLOCKS 
reverse order. 


As this is being read back, apply a new state, 
serially equal to the value 071 (i.e., State 3). 
This state should be loaded on the last three 
clock cycles during which STATE 6 is being 
read back at I/O15. After STATE 3 has been 
loaded (and STATE 6 read back), exit scan 
mode and apply a single clock which will 
invoke the STATE 3 (i.e., 011) to STATE 4 


ne ; STATE 3 (011) WILL BE 

{i.e., 100) transition. Re-enter scan mcde and 
read back 36 bits at 1/015. The last three bits 

should contain 110 which is the complement 
of State 4 read in the reverse order. 4 


(SCAN_EXAMPLE) shows a flow diagram of 
this example. Note that the States will always 


1/014 =0 1013 =0 7012 =X 


015 D014 D13 D12 
STATE 61N REVERSE ORDER (OUTPUTS COMPLEMENTED 


be complemented and read back in the oie ee Pate 
reverse at /O15. Other sequences may be 
applied in the same manner. 


EXIT SCAN MODE (SCM = 0) 
A possible alternative to this example is to pe COUNTER CEES 


read back the output states at 1/00 (D0) 


instead of W015 (JKCL9). This will allow the ENTER SCAN MODE 
outputs to be read back after 21 clock cycles os) 
rather than the 36 used in the above 

example. 


JKCL9 JKCL8 JKCL7 JKCL6 
STATE 4 


APPLY 33 SCAN CLOCKS 


014 =1 V013 =0 VO12 =X 


D12 


D13 
STATE 41IN REVERSE ORDER (OUTPUTS COMPLEMENTED 


Figure 4. SCAN EXAMPLE 
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POWER DOWN 

The PML2852 offers the user controlled 
capability of putting the device to “sleep” 
where power dissipation is reduced to very 
low levels. When brought to a logic “1”, the 
PD pin freezes the circuit while reducing the 
power. All data is retained. This not only 
includes that of the registers, but also the 
state of each foldback gate. For those cases 
where it is desirable to 3-State the outputs, 
that can be accomplished by raising the SCI 
pin to a logic “1”. 


There is one point that should be noted while 
the circuit is in its power-down mode. The 
switching of any external clock pin will cause 
a disruption of the data. All clocks must be 
frozen before the circuit goes into power- 
down and stay that way until it powered back 
up. Clocks that are internally generated and 
feed the clock array are automatically 
stopped by the power-down circuitry. Any 
other input can toggle without any loss of 
data. 


NOTE: 

1. During power down, external clocks (CKA, 
CKB/CKC, CKE1, CKE2) should not 
change. 

2. SCM must be “O” as in normal operation 
mode. 

3. External clock recovery time (low-to-high) 
is 6Ons (high-speed) and 70ns (standard) 
after the device is powered up. 

4. Power Down Timing Diagrams on pages 
504 and 505 are for combinatorial 
operation only. 


DEVELOPMENT TOOLS 

The PM2882 is supported by the Signetics 
SNAP software development package and a 
multitude of hardware and software 
development tools. These include industry 
standard PLD programmers and CAD 
software. 


ABSOLUTE MAXIMUM RATINGS! 


NOTE: 


a 
Tour | Oupeteurens «dt S*d Cm 


SNAP 


Features 
® Schematic entry using DASH™ 4.0 or 
above or OrCAD™ SDT Ill 


® State Equation Entry 
® Boolean Equation Entry 


® Allows design entry in any combination of 
above formats 


® Simulator 
-— Logic and fault simulation 
— Timing model generation for device 
timing simulation 
- Synthetic logic analyzer format 


® Macro library for standard TTL and user 
defined functions 


® Device independent netlist generation 


@ JEDEC fuse map generated from netlist 


SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 
combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 
the user the freedom to design independent 
of the device architecture. 


The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms. SNAP merges the 
inputs, regardless of the type, into a high- 
level netlist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 


SNAP’s simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


DASH is a trademark of Data /O Corporation. 
OrCAD is a trademark of OrCAD, Inc. 


IBM is a registered trademark of International Business Machines Corporation. 
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complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 


SLICE | 
SLICE, which supports Signetics PLD line, i 
easy to understand and simple to use. Select 
a PLD, assign input and output pins and | 
enter the desired equations in either Boolean 
or state form. SLICE then checks the 
equations for errors. It automatically 
generates a JEDEC-format fuse map for 
downloading to a PLD programmer. 


Fully menu driven, SLICE incorporates a fuse 
table editor for making quick modifications to 
the design and a test vector editor for input of 
test vectors. 


A built-in Boolean equation extractor allows 
existing PLDs to be used as the basis fora 
new design. the extractor reads JEDEC 
information from a PLD and creates a file 
containing the corresponding Boolean 
equations. The result can then be used to 
consolidate several PLD designs into a 
single, denser part. 


And SLICE is upward compatible with 
Signetics advanced design suite, SNAP. 


DESIGN SECURITY 

The PML2852 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary design 
implemented in the device cannot be copied 
or retrieved. 


THERMAL RATINGS 
TEMPERATURE 


Maximum junction 


Maximum ambient 75°C 
7. 


Allowable thermal rise 
ambient to junction 
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DC ELECTRICAL CHARACTERISTICS 


O°C < Tamb S +75°C, 4.75V < Voc $ 5.25V | | 7 
| LIMITS 


SYMBOL _. PARAMETER 


Input voltage 


Es a 
Vin High Voc = MAX 2.0 Vec + 0.3 V 
Output voltage | 


Vin=GND 
hy High Vin = Voc 


Output current 


| Output High Voc = MIN, Vout = 2.4V 
ae Output Low : Voc = MIN, Vout = 0.45V 
[los 


Vec = MAX, No load CMOS input? 
f = 1MHz TTL input? 

Voc = MAX, No load CMOS input 
PD =Vin TTL input 


Capacitance 


Cin Input 
Cg VO 
NOTES: 
1. All typical values are at Voc = 5V, Tamb = +25°C. 
2. CMOS inputs: Vy. = GND, Viyq = Voc. 
3. TTL inputs: Vy =0.45V, Viy = 2.4V. 
4. All voltage values are with respect to network ground-terminal. 
5 
6 


Vec = 5V, Tamb = +25°C, Vin = 2.0V 
Voc = 5V, Tamb = +25°C, Vig = 2.0V 


. Duration of short-circuit should not exceed one second. Test one at a time. 
. Alec vs. Frequency = 4mA/MHz max. 


TEST LOAD CIRCUITS | VOLTAGE WAVEFORMS | 


+3.0V— — — — 


OUTPUTS 


MEASUREMENTS: 


nee: All circuit delays are measured at the +1.5V level of 


inputs and outputs, unless otherwise specified. 


Cy and Co are to bypass Vcc to GND. 
Test Load Ry = 7500, Ro = 4422, Cy = 30pF (C, = SpF for Output Disable) 


O°C < Tamb < +75°C, 4.75V < Voc < 5.25V Input Pulses 
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MACRO CELL AC SPECIFICATIONS 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


Input Buffer 
(DIN552, NIN552, BDIN552, BNIN552 
CDIN552, CNIN552, CKDIN552, CKNIN552, IDFF552*) 


} ss PARAMETER LIMITS 
SYMBOL ale PML2852-50 UNIT 
ou ve [wax [wn Te [ee 

10 15 

10 15 

10 15 

: : ; 10 15 
* When input D flip-flop is bypassed. 
Input Pins: 12-18, 20, 21, 24, 26-28. 


I/O and Bidirectional Pins: 1-3, 5-7, 58-60, 62-66, 69, 70, 75-80, 83, 84. 
Bypassed DFF at Pins: 30-32, 34-39, 41-43, 45, 47-49. 


Internal NAND of Main Array 
(FBNAND, NAND) 


x | p y 
PARAMETER LIMITS LIMITS 
SYMBOL PML2852-35 | PML2852-50 | L2852-50 UNIT 
ae aa 


oo 4 10 ‘ 20 |} 12 |.18 | 25 
oo 4 10 20 | 12 | 18 | 25 


Internal NAND of Clock Array 
(NAND) 


PARAMETER | LIMITS LIMITS 
SYMBOL 


To ci L2852-35 PML2852-50 
(Output) 


7 


tPHL hd 
tPLH Y 
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MACRO CELL AC SPECIFICATIONS (Continued) 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


3-State Output with Programmable Polarity 
(TOUTS552 + EXOR552 + NAND) 


0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Programmable ——~2-”” 
Connection 


Atpp vs Output Capacitance 
Loading (Typical) 


=] = 
SYMBOL PML2852-35 
ie Seek, Ca Tee eee 
tPHL 18 25 17 
tPLH 18 25 17 
tog Tri-Ctrl 7 
4 Tri-Ctri 7 


Bidirectional Pins: 58-60, 62-66. 
1/O Output Buffer with 3-State Control, DFF Bypassed 
(TOUTS52 + NAND) 


OQ 2 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Atpp vs Output Capacitance 
Loading (Typical) 


| Ss PARAMETER LIMITS 
SYMBOL PML2852-35 PML2852-50 UNIT 
(Cutpuy fon [rv [wn [ie [re Toa 
tPHL 
eu 
Tri-Ctrl 
Tri-Ctrl 


I/O Pins: 1-3, 5-7, 69, 70, 75-80, 83, 84. 


18 
18 


7 
7 


Notes on page 503. 
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MACRO CELL AC SPECIFICATIONS (Continued) 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


Active-Low 3-State Output 
(TOUT852 + NAND) 


Atppins) 
om NO em HM ON 


20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Atpp vs Output Capacitance 


Loading (Typical) 


~ SYMBOL | To PML2852-35 PML2852-50 
seed be oar oe a ee 
pm | oe | ek felelalola 
aan 12 | 18 | 25 | 17 


Output Pins: 8—11, 50-57, 71-74. 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
D FLIP-FLOP 3 7 : 7 | 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V 


Output DFF Used Internally 
(ODFF552) 


: 3 LIMITS 
SYMBOL 7 PARAMETER PML2852-35 PML2852-50 UNIT 


Co CONG 
Fiptop wage ine: a 
GockHIGH cn os 
Cock LOW To | ne 
ns ne 
a a 


/D setup time to CKE 
/Dholdtime to CKE 
PARAMETER LIMITS 


SYMBOL To PML2852-35 PML2852-50 UNIT 
coupuy__[ une [rv [wax [wn [TP [Wa 
tpiy CKE T 15 20 
teHL CKE T 15 20 


Et Ea eee yd 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
D FLIP-FLOP (Continued) | 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V 


Input and Output 
(IDFF552 & ODFF552) 


VDA,VDB [| 


INPUTS OUTPUTS CKA, CKB,CKC |_| 


NOTE: 
Qo. Uo represent previous stable condition of Q, 0. 


SYMBOL . 


fCKA, CKB, CKC 
tw cka, cKB, ckc High 


Atppins) 
e@-8 © © & won 


tsetup I/DA, 1/DB 
‘tuoto VDA, /DB 
0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 
Atpp vs Output Capacitance 
a, eee 


tot /D 


tw cKA, CKB, ckc Low 


PARAMETER LIMITS | 
SYMBOL To PML2852-35 PML2852-50 
(Output) | MIN | TYP 
tea CKA, CKB/CKC T ad 
teu CKA, CKB/CKC T ad 
teLy CKE T 
teHL CKE T 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
JK FLIP-FLOPS 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V 


(JKPR552) (JKCL552) 


INPUTS OUTPUTS INPUTS OUTPUTS 
H H - 


SYMBOL PARAMETER 


| ETER LIMITS 
SYMBOL PML2852-35 PML2852-50 UNIT 

coupuy une [ve [wax | wn [Te [wa 

teLH te 2 Q,4 3 
teuL CK1,2 Q,0 3 
tPLH PR Q,0 12 18 25 17 
teHL PR Q,O | 12 18 25 17 

; 18 17 

18 17 


~ 
< 
me) 
~ 
=< 
mo] 


i) 
on 


On 
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AC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S$ +75°C, 4.75V < Voc $ 5.25V, Vpp = Voc, 
Ry = 750Q, Ro = 442Q, C, = 5pF for Output Disable) (See Test Load Circuit Diagram) 


LIMITS 


SYMBOL PARAMETER PML2852-35 PML2852-50 UNIT 


Scan mode operation! 


Power down, power up? 


Input (I, bypassed I/DA, I/DB, I/O, B) setup time before power down 


to Input hold time 


~~ 
oO 


ty 


Power Up recovery time 


Output hold time 


Power-on reset output register (Q = 0) to output (I/O) delay Pf to J 
Power-on reset input register (Q = 0), buried JK Flip-Flop (Q = 0) 
'ppR2 to output (B, bypassed I/O) delay 
NOTES: 


1. SCM recovery time is 50ns after SCM operation. 50ns after SCM operation, normal operations can be resumed. 

2. Timings are measured without foldbacks. 

3. Transition is measured at steady state High level (-SOOmV) or steady state Low level (+500mV) on the output from 1.5V level on the input 
with specified test load (Ry = 750Q, Ro = 442Q, C, = 5pF). This parameter is sampled and not 100% tested. 

4. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. 
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TIMING DIAGRAMS 


1, BYPASSED I/DA, I/DB, I/O, B Cis sar) 


HIGH 
IMPEDANCE 


fefeor] — Floet . 
™ er = i OV 


Power Down, Power Up 
Input (old) Ready Before Power Up 
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TIMING DIAGRAMS (Continued) 


l, BYPASSED va, VDB, 1/0, B Eisv unk XK KM XX XS , 
‘ les " — DON'T CARE ‘ 
43V 


tg 
VoH 
IMPEDANCE [\ [\ VoL 
- te 5 oo Hs toe nas 
UNCERTAI 
1.5V 


1.5V 
OV 


Power Down, Power Up 
Input (new) Ready After Power Up 


l, BYPASSED I/DA, I/DB, 1/0, B fusv uk KX Civ a +3V 


pelos tg = tg tpp 


B, 1/0 


IMPEDANC : VoL 
- t6 = | 
‘OE 43V 
Sci # 1.5V \ 1.5V 


Ov 


Power Down, Power Up 
Input (new) Ready Before Power Up 


+5V 


Vcc ov 


VOH 


VOL 


VOH 
B, VO 1,5V 


VoL 


Power-On Reset 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PML2852 
device is such that erasure begins to occur 
upon exposure to light with wavelengths 
shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and 
certain types of fluorescent lamps have 
wavelengths in the 3000 — 4000A range. Data 
shows that constant exposure to room level 
fluorescent lighting could erase a typical 
PML2852 in approximately three years, while 
it would take approximately one week to 


PROGRAMMING 


cause erasure when exposed to direct 
sunlight. If the PML2852 is to be exposed to 
these types of lighting conditions for 
extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 
PML2882 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 
Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should 
be a minimum of 15Wsec/cm?. The erasure 
time with this dosage is approximately 30 to 


Refer to the following charts for qualified manufacturers of programmers and software tools: 


35 minutes using an ultraviolet lamp with a 
12,000.W/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 7258Wsec/em? 
(1 week @ 12,000uW/cm2). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 


The maximum number of guaranteed 
erase/wnite cycles is 50. Data retention 
exceeds 20 years. 


PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES 


15918C* (with adaptor) 


DATA I/O CORPORATION 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 


(800)247-5700 


STREBOR DATA COMMUNICATIONS 
1008 N. NOB HILL 
AMERICAN FORK, UT 84003 


BASIC COMPUTER SYSTEMS AG 
WOLFGANG-PAULI-GASSE 
A-1140 WIEN-AUHOF, AUSTRIA 


SMS — W. STEUDEL 
IM MORGENTAL 13 
D-8994 HERGATZ, GERMANY 


SYSTEM GENERAL 
244 SOUTH PARK VICTORIA DRIVE 
MILPITAS, CALIFORNIA 95035 


Part Number: AS-84-40-01P-6YAM 


UNISITE 40/48 Ver. 3.5 


PINSITE Ver. 3.5 


PLP-S1A Programmer 
MP68CC adapter 


UP2000 
Rev. 2.28 


SPRINT PLUS/EXPERT 
Rev. TBD 


TURPRO-1 
Rev. 1.42 


Needs a 40-pin DIP to 84-pin PLCC adaptor that is available from Emulation Technology. 


EMULATION TECHNOLOGY, INC. 
2368B Walsh Avenue, Building D 


Santa Clara, California 95051 


Telephone No. (408) 982-0660 


Fax. No. 


SIGNETICS COMPANY 
811 EAST ARQUES AVENUE 
P.O. BOX 3409 


SUNNYVALE, CALIFORNIA 94088-3409 


(408)991-2000 
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Part Number Deacrilen Besson at orwing cae 
PLS159A PLS 20DIP3 PLANNED NA 
PLS173/BLA PLA 24DIP3 5962-8850402LA A 
PLS179/BLA PLS 24DIP3 5962-8850701LA A 
82S100/BXA PLA 7 28DIP6 

82S100/BYA PLA 28FLAT 

82S100/B3A PLA 28LLCC 

82S101/BXA PLA 28DIP6 

82S101/BYA PLA 28FLAT 

82S101/B3A PLA 28LLCC 

82S105/BXA PLS 28DIP6 5962-8670901XA A 
82S105/BYA PLS 28FLAT 5962-8670901 YA A 
82S105/B3A PLS 28LLCC 5962-86709013A A 
82S153A/BRA PLA 20DIP3 5962-8768201RA A 
82S153A/B2A PLA 20LLCC 5962-87682012A A 
PLC42VA12/BLA PLS 24DIP PLANNED NA 
PLC42VA12/BYA PLS 24FLAT PLANNED NA 
PLC42VA12/B3A PLS 28LLCC PLANNED NA 
PML2552/BUA PML 68LLCC PLANNED NA 
PLC18V8Z/BRA PAL 20DIP PLANNED NA 
PLC18V8Z/BSA PAL 20FLAT PLANNED NA 
PLC18V8Z/B2A PAL 20LLCC PLANNED NA 
22V10/BLA PAL 24DIP3 5962-8984103LA NA 


* Not available as a Class B standard product. See M38510 and/or Military Drawing columns for availability 
** A = available, NA = not available, IP = in process, call for availability. 
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SNAP 1.8 


FEATURES 


® Schematic entry available using 
Data /O DASH™ 
OrCAD SDT iv™ 


© State equation entry 

® Boolean equation entry 

® Netlist entry 

® Edif 2.xx entry 

® Simulation waveform entry 


® Capability to design in one or any 
combination of formats 


® Device independent, netlist based design 
platform 

® Boolean equation extractor 

© Fuse table editor 


® Philips LESIM 5-State gate array simulator 
as well as Signetics SIGSIM: 
- Logic and fault simulation 
- Model extraction and timing simulation 
_ = Synthetic logic analyzer format 
— Stimuli entry in waveform format 


© Freezing of selected Critical paths 


® Capability to create user defined macros or 
to use TTL elements 


© Full documentation of design and 
simulation results in waveform format 


® JEDEC fusemap compiler and device 
programmer interface 


SIMULATE 


DASH is a trademark of Data 1/0 Com. 
OrCAD STD IV is a trademark of OrCAD, Inc. 
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GENERAL DESCRIPTION 
SNAP PLD development software. 
Simple-to-use tools for demanding designs. 


Get ready for greater design productivity. 
SNAP, the complete logic synthesis, 
simulation and layout package for Signetics 
full line of PLDs, saves one commodity in 
preciously short supply: design time. Fully 
equipped with every tool you need to turn 
out PLD designs quickly, SNAP eliminates 
the “learning curve” that can keep you from 
being immediately productive. Regardless of 
whether you're a PLD novice or seasoned 
pro, SNAP allows you to produce optimized 
designs within a matter of hours. 


For rapid design you need flexibility and 
SNAP provides lots of it. Enter your design in 
the most convenient way possible — using 
any combination of schematics, 
waveforms, Boolean equations, state 
equations or netlists. SNAP merges the 
inputs and generates a dense, high-speed 
design that can be simulated in SNAP’s 
powerful simulator and then downloaded to a 
PLD programmer. 


With SNAP, you produce your design ina 
netlist-based, device-independent 
environment. No need to commit to a 
particular part from the start of the design 
process: With SNAP, you can change the 
target PLD at will. If you find that your design 
needs a larger device or can fit into a smaller, 


SNAP Design Flow 


U 


less expensive one, simply select a new part 
and resimulate. SNAP allows you to take 
advantage of the most appropriate PLD for 
the job without wasting time. 


SNAP’S UNRIVALED 


SIMULATION FACILITY 

Simulation is a key part of the SNAP design 
process. SNAP incorporates Philips 
5-State ASIC simulator, a simulator so 
unsurpassed in its accuracy and diagnostic 
ability that it is a standard tool used by the 
company’s own chip designers. You can 
examine any of your design's internal nodes 
and apply SNAP’s virtual logic analyzer to 
display the precise timing at that node. Then 
change the stimulus and put the design 


through its paces with SNAP's built-in 


waveform editor. Compile into a specific PLD 
and resimulate. When you finally program a 
PLD, chances are that it will run perfectly the 
first time. 


Since testability represents an ever-important 
measure of the success of a PLD design, 
SNAP includes a powerful fault simulator 
that simplifies the task of anaiyzing fault 
coverage. The tool rapidly generates a report 
detailing undetected and potentially 
undetectable faults, coverage efficiency, and 
other useful data. With it, you get the most 
thorough fault coverage possible in a limited 
test period. 


COMPILE 


OUTPUT 
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Would you like to know how many potential faults your test vectors can detect? 
Just look at the output of the SNAP FAULT SIMULATOR... 


FAULT LIST: 
TOTAL NUMBER OF SIGNALS 
NUMBER OF NAMED SIGNALS 

- NUMBER OF CIRCUIT FAULTS 
NUMBER OF INSERTED FAULTS 
NUMBER OF COLLAPSED FAULTS 


FAULT DETECTION: 


NUMBER OF HARD DETECTED FAULTS 
NUMBER OF POTENTIALLY DETECTED FAULTS 
NUMBER OF UNDETECTED FAULTS 


FAULT COVERAGE: 


HARD DETECTION FAULT COVERAGE 
POTENTIAL DETECTION FAULT COVERAGE 
TOTAL DETECTION FAULT COVERAGE 


PATTERN# 


---------~-------- $---------4---------4--------- $-- === == $+ 


Designers who need to consolidate the 
designs of existing logic devices will draw 
considerable benefit from SNAP’s unique 
Boolean equation extractor. It take the 
design data from existing PLDs and converts 
it to the actual, corresponding Boolean 
equations, which can then be used as an 
input to SNAP. It eliminates the need to find 
and re-enter design data, often a 
time-consuming process. 


And for added convenience, SNAP features 
the powerful logic optimizer, Espresso 
Minimizer. Espresso automatically removes 
all unnecessary gates from your design, 
assuring that it will be the fastest and densest 
possible. Espresso allows you to pack more 
in — or fit it into a smaller PLD. The result 
can be substantial cost and power savings. 


PAL is a registered trademark of AMD/MMI, Inc. 
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FULL SUPPORT NOW — AND 
INTO THE FUTURE 

SNAP supports Signetics broad line of PLDs, 
which includes high-speed PAL@-type 
devices, programmable logic arrays, 
programmable logic sequencers, and 
sophisticated programmable macro logic. It is 
fully compatible with SLICE, Signetics 
entry-level design package. And as Signetics 
introduces new PLDs in the future, SNAP will 
support those too, in a timely manner. You 
can standardize on SNAP for your future 
development, with confidence. 
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Menu-driven and supported by clear, 
concise documentation, SNAP is a 
pleasure to use. But if problems do arise, 
Signetics network of field applications 
engineers stand ready to help. Specially 
trained and backed by a comps of factory 
experts, Signetics FAEs are stationed in all. 
major cities in the U.S. and overseas. . 
Wherever you are, chances are that support © 
is nearby. 
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SNAP Boolean Equation Extractor 


FROM THIS: L0000 
11111111111211101110111101111111111111111 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000. 
0000000000000000000000000000000000000000 
0000DD0000000N00NNNNNNNNNDNNNNNNNNNNNNNNNN 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
eet Si pt Ee tt 2g We Et 0s Ue Wl es Us a De Ui is te eB i 


TO THIS: @LOGIC EQUATION 
S.D =/ (ASN*RWN*/DREQN1+S*/DREOQN1) ; 


AUTOMATICALLY e¢ IMMEDIATELY e¢ EFFORTLESSLY 


PRODUCT SUPPORT TRY IT — YOU’LL LIKE IT 

SLICE supports the Signetics line of PLDs, Pop the enclosed SNAP demo disk into your 
which ranges from high-speed PAL devices to computer and see how easy PLD design can 
complex Programmable Macro Logic circuits. | be. The demo, like SNAP itself, runs on 

It will also support new Signetics PLDs as almost any IBM® PC or compatible having 
they are introduced. The devices currently DOS 2.1 or higher, 640K RAM and a hard 


supported are: disk. 
Programmable Logic Arrays: 
PLUS153 PLS100 
PLUS173 

Programmable Macro Logic: 
PLHS501 PML2852 
PML2552 

Programmable Logic : 
Sequencers: 

PLS155 PLC42VA12 
PLS157 PLC415 

PLS159 PLS105 

PLS167 PLUS105 
PLS168 PLUS405 
PLS179 

Programmable Array Logic 
PLUS20L8 PLUS16L8 
PLUS20R8 PLUS16R8 
PLUS20R6 PLUS16R6 
PLUS20R4 PLUS16R4 
10H20EV8 PLQ22V10 
10020EV8 PLC18V8Z 
PHD48N22 PL22V10 
PHD16N8 


IBM is a registered trademark of International Business Machines Corp. 


February 28, 1992 
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SNAP Resources Summary 


Cell name used/total 


M™A TMA MR MRL MR RL SRL 


Please hit any key to continue... 


PLHS501 Resources 
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SNAP OVERVIEW 

Signetics SNAP (Synthesis Netlist Analysis 
and Program) is a software program used in 
implementing logic designs with Signetics 
Programmable Logic Devices. The software 
runs on any IBM PS/2, AT, XT, or compatible 
computer. SNAP accepts the logic design 
specified in the form of schematics, EDIF 
netlists, Boolean logic equations, and/or state 
equations; combines the different forms and 
different parts of the design into a single 
netlist; prompts the user to select a target 
PLD; and generates the JEDEC fuse map 
used for programming the target PLD device. 


Schematics can be created with either 
OrCAD SDT Ill, OrCAD SDT IV or DASH, 
three schematic capture packages offered as 
options to SNAP. Logic and state equations 
can be created using any ASCIl text editor 
such as PC-Write. After you specify the 
design, SNAP converts the schematic, logic 
equations, and state equations into a single 
netlist. You can then use SNAP to perform 
the following functions: 


© Create, display, and edit the stimulus 
waveforms for simulation 


© Simulate the logic functions and timing 
® Display and print the simulation results 


® Determine the fault coverage for a given 
set of inputs 


® Generate the test vectors 


® Generate the fuse map for the target PLD 
device 

® Generate a netlist of the PLD 
implementation for simulation 


© Download the fuse map and test vectors to 
the PLD programmer 


Specification of the logic design is 
independent of the type of PLD device. You 
can specify the design first and choose the 
PLD device later, after simulating and 
debugging the logic design. If the chosen 
device is unable to accommodate the design, 
itis a simple matter to select another device 
and generate the fuse map for that device. 
After this has been done, SNAP can generate 
a netlist and a set of logic equations directly 
from the final fuse map, allowing analysis and 
simulation of the final design as implemented 
in the target device. Also, a design using 
several PLD devices can be accurately 
simulated with the use of real delays. 
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Supported PLD Devices 

The PLD devices supported by SNAP 1.8 are 
listed below, showing the part number, 
architecture (Inputs x Terms x Outputs). and 
number of pins for each device type. 


Programmable Macro Logic (PML) 
Devices 


PLHS501 104 x 116 x 24 52 pins 
PML2552 185 x 226 x 24 68 pins 
PML2852 185 x 226 x 40 84 pins 


Programmable Logic Sequencer (PLS) 
Devices 


PLS155 16 x 45 x 12 £20 pins 
PLS157 16 x 45 x 12 20 pins 
PLS159 16x 45 x 12 20 pins 
PLS167 14 x 48 x 6 24 pins 
PLS1€8 16 x 45 x 12 20 pins 
PLS179 12 x 48 x 8 24 pins 
PLC42VAi2 42 x 105 x 12 24 pins 
PLC4i5 17 x 68 x 8 28 pins 
PLSi0S 16 x 48 x 8 £28 pins 
PLUS. US 22 x 48 x 8 28 pins 
PLUS405 24 x 64 x 8 £28 pins 


Programmable Logic Array (PLA) Devices 


PLSiCC 16 x 48 x 8 28 pins 
PLUSI33 78 x 42 x 10 20 pins 
PLUS is 22 x 42 x 10 £24 pins 
PAL Devices 

PLUSi€28 16x 64 x 8 20 pins 
PLUSIERS 16x 64 x 8 20 pins 
PLUSI6RE 16x 64 x 8 20 pins 
PLUSIER4 16x 64 x 8 20 pins 
PHDI€ENS 16 x 16x 8 £20 pins 
PLCOI8vV8Z 18x 74x 8 20 pins 
PLUS2CL8 20 x 64x 8 24 pins 
PLUS2CGR8 20 x 64 x 8 £24 pins 
PLUS2CRE 20 x 64 x 8 £24 pins 
PLUS2CR&4 20 x 64 x 8 24 pins 
10X2CEV8 20 x 90x 8 £24 pins 
PHD48N22 48 x 73 x 22 68 pins 
PL22V1C 22 x 132 x 10 24 pins 
PLO2Z2V1IC 22 x 132 x 10 24 pins 


Before you can begin using SNAP, you must 
first install the software and learn the function 
keys and top-level menu. As part of the setup 
procedure, you specify the text editor and 
schematic capture software you are using 
with SNAP so that SNAP can invoke these 
programs as needed. 
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Overview of SNAP Process 
The OrCAD SOT IV and DASH schematic 


capture systems are available as options to 
the SNAP software package. 


OrCAD SOT IV is a complete schematic 
capture package, one of several design tools 
offered by OrCad Systems Corporation. 
OrCAD SDT IV lets you create, edit, save, 
and print logic schematics. Schematic data 
fes are accepted directly by the SNAP 
software. Instructions on installing and using 


OrCAD SDT IV are provided with the OrCAD 
SDT IV software package. Supplemental 
information is provided in Appendix A of the 
User's Manual on configuring OrCAD SDT IV 
for compatibilty with SNAP. 


DASH is Data I/O schematic capture 
package. Schematic data files are accepted 
directly by the SNAP software. Instructions 
On installing and using DASH are provided in 
Appendix B of the User's Manual, serving as 
an addendum to the DASH User’s Manual. 


Any of these schematic capture systems may 
be used for logic design purposes with SNAP. 


SNAP is an interactive, menu-driven software 
package. At the top level of the program is a 
graphical menu that allows selection of the 
desired SNAP operation. See Figure 5. 


The boxes show the SNAP program 
operations that you can select. Operations 
may be performed at any time and in any 
order, provided that the input files for that 
operation are available. 


SNAP 1.80 Copyright 1992 NORTH AMERICAN PHILIPS CORP 


ScCapture 


Editor 


DEMO 


Project : 


Waveforms 


TestVector 


SimPrt 


NetGen 


SimNet 


SimScl 


Plot 


Abel12Snap 


Edif 


Merger 


—_ 


SimF lt 


i 


All rights reserved 


16:35:21 


ModGen 


| 


Use cursor keys to select module 
Use function keys to enter command 


1:HELP 2:RUN 3:PROJECT 4:STATUS 5:SETUP 6:SAVE 7:DOS 8:EDIT 9:PRINT 10:EXIT 
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Figure 5. Top-Level SNAP Menu 
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- EQN 


- EQN 
.EQM - EQM 
-EQJ -EQd. 
- EQQ -EQQ 
wy: -EQM 


: 
MAC MAC 


= a 


Figure 6 shows the typical order in which the 
SNAP program operations are executed. The 
figure also shows the file name extensions for 
the files produced by (and used by) the 
individual program operations. The menu 
options shown in bold boxes are the minimum 
required to specify a design and generate the 
fuse map. The remaining menu options may 
be used as needed for simulation and testing 
purposes. 


In Step 1 (ScCapture), you specify part or all 
of the logic design with the schematic capture 
package (OrCAD SDT IV or DASh), using a 
library of logic elements recognized by SNAP. 
The design may be drawn hierarchically. In 
Step 2 (NetGen), SNAP converts the 
schematic into an intermediate netlist (MAC 
file). 


February 28, 1992 


aah 


Figure 6. Order of Operations and Data Files 


In Step 3 (Equations), you specify part or all 
of the logic design with Boolean logic 
equations and/or state equations. In Step 4 
(Minimizer), an optional step, SNAP changes 
the form of the equations to minimize the 
number of gates necessary to implement the 
design. In Step 5 (NetConv), SNAP converts 
the logic and state equations into an 
intermediate netlist (.MAC file). 


The complete design may be specified with 
any combination of schematic capture, logic 
equations, and state equations. Different 
parts of the design may be specified 
separately. Each lower-level part of the 
design is a “macro” that can be used multiple 
times at a higher level of the hierarchy. 
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pas 


.MOD 
-EQJ 


In Step 6 (Merger), SNAP combines the 
separate netlists (.MAC files) into a single 
master netlist (.NET file). 


In Step 7 (SimNet), SNAP converts the 
master netlist into a binary-format file (.BIN 
file) that is accepted by the simulator. 


In Step 8 (Waveforms), you use a graphical 
waveform editor to create the input signals for 
the simulation. SNAP converts the 
waveforms into the “Simulation Control 
Language” format (.SCL file). 


In Step 9 (SimScl), SNAP simulates the logic 
operation and timing of the design using the 
input signals created previously. The resulting 
output signals are stored in a “results” file 
(.RES file). 
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In Step 10 (Plot), SNAP displays the results 
graphically on the screen. You can analyze 
the simulation results in detail by adjusting 


the time range and time scale of the display. 


In Step 11 (SimPrt), SNAP prints out the 
simulation results on the printer, monitor 
screen, or a disk file. You select the type of 
display (alphanumeric or graphic), the time 
range, and the time scale for the printout. 


In Step 12 (SimFIt), SNAP simulates the 
design with circuit faults, and reports the 
percentage of potential faults that can be 
detected with the given set of input test 
signals. Test signals may be specified as 
waveforms or by an ASCIl file. A detailed 
fault coverage report is generated (.FLT file). 


In Step 13 (Compiler), SNAP generates the 
fuse map for implementing the logic design. 
You select the PLD device type and then 
specify the input/output signal name 
associated with each device pin. SNAP 
optimizes the design for the selected device, 
generates the fuse map, and writes out the 
results in JEDEC format (.JED file). The 
percentage utilization of the on-chip PLD 
resources is reported on the screen and 
stored in a separate file (.USE). 


In Step 14 (ModGen), SNAP takes the PLD 
device structure and fuse map, and 
generates a new netlist (.MOD file) based on 
the actual implementation of the logic design 
in the PLD device. This new netlist can be 
simulated in the same manner as the original 
design, allowing verification of the PLD 
implementation. 
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In Step 15 (TestVector), the test vectors 
(input signals and expected output signals) 
are converted to JEDEC format. This 
information can be downloaded to the device 
programmer machine along with the fuse 
map (.VEC file). 


In Step 16 (DPI), the Device Programmer 
Interface, SNAP downloads the fuse map and 
test vectors to the PLD programmer machine 
through a serial port. The programmer 
machine uses the fuse map to program the 
PLD device, and the test vectors to test the 
device after programming. 


The programmed device operates as 
specified by the schematics, logic equations, 
and state equations created in Steps 1 and 3. 


Many of the steps described above are 
optional. The minimum steps necessary for a 
project are either ScCapture and NetGen, or 
Equations and NetConv, to specify the logic 
design; Merger to make the netlist; Compiler 
to generate the fuse map; and DPI to 
download the fuse map to the device 
programmer. The other steps allow you to 
analyze and simulate the design, and to 
generate the test vectors. 


Hardware and Software 


Requirements 
SNAP requires the following computer 
resources: 


® |BM PS/2, AT, XT or compatible computer 


® MS-DOS operating system, version 2.0 or 
higher 


© 640 Kbytes RAM 
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® Hard disk drive: 10 Mbytes (20 Mbytes or 
more preferred) 


@ Floppy disk drive 


® Monitor: Hercules, EGA, or VGA 
recommended for schematic capture 


® Text editor software 


Installation 

The SNAP software is provided on a set of 
floppy diskettes. Two functionally identical 
sets are provided: a 51/4 inch set and a 3'/p 
inch set. 


The files are stored on the diskettes in 
compressed-data format, so you cannot 
simply copy the files to the hard disk. Instead, 
use the installation program provided on the 
diskettes. Running the installation program is 
straightforward. The program takes care of 
creating a SNAP subdirectory (if it doesn't 
already exist), and automatically 
“decompresses” the SNAP files and transfers 
them to the hard disk.If you have an earlier 
version of SNAP installed on your system, 
first make a backup of all data files (if any) in 
your SNAP subdirectory. To ensure that you 
don't lose any valuable files, make a 
separate, complete backup of the SNAP 
subdirectory using the BACKUP command or 
a backup utility program. Then delete all the 
files from the SNAP subdirectory. — 


If you are upgrading from SLICE, you can 
install SNAP without removing SLICE. Once 
you are familiar with SNAP, you can delete 
SLICE from the hard disk. 
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FEATURES 


Programmable Logic Arrays: GENERAL DESCRIPTION 
® Easy to learn and use PLUS153 PLS100 Sit down at your PC, install the SLICE 
PLUS173 software, and you'll be programming PLDs 


® Supports Signetics PLD line 
® State or Boolean equation entry 
© Fuse table editor 


® Test vector editor 


Programmable Macro Logic: 


PLHS501 
PML2552 


PML2852 


Programmable Logic 


within the hour. SLICE (Signetics Logic 
Integration Computer Environment) provides 
all the functions you need for speedy PLD 
development without the tedious learning 
curve that accompanies other PLD design 


Sequencers: tools. It allows first-time users to 

® Boolean equation extractor PLS155 PLC42VA12 immediately produce a working PLD 
PLS157 PLC415 design—in the very first session. 
® JEDEC fusemap compiler 
ines PLS159 PLS105 SLICE, which supports Signetics PLD line, is 
® Interfaces to standard PLD programmers i aes Sian easy to understand and simple to use. 
68 . . . 

© Upgradeable to SNAP pret Select a PLD, assign input and output pins 


Programmable Array Logic 


and enter the desired equations in either 
Boolean or state form. SLICE then checks 


PLUS20L8 PLUS16L8 the equations for errors. It automatically 
PRODUCT SUPPORT PLUS20R8 PLUS16R8 generates ad ED EG formal (use map lor 
SLICE supports the Signetics line of PLDs, PLUS20R6 PLUS16R6 downloading to a PLD programmer. 
which ranges from high-speed PAL@-type PLUS20R4 PLUS16R4 
devices to complex Programmable Macro 10H20EV8 PLQ22V10 
Logic circuits. It will also support new 10020EV8 PLC18V8Z 
Signetics PLDs as they are introduced. The PHD48N22 PL22V10 
devices currently supported are: PHD16N8 | 


As easy as 1, 2, 3: 


DevSelect , 
PinEdit 


1. Select device and enter pins. 


2. Enter equation. 


Checking 


3. Generate fuse map and 
download to device. 


VecEditor Fusetable 


PAL is a trademark of AMD. 
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Boolean Equation Extractor 


FROM THIS: L0000 ; 
PAVDATET PATI TOLL IO11 101 11211111 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
Tis at i ea Fe Ct te UE Fs as es ES Ep 2 Fe Yt pS Ut 6 tt ON 


TO THIS: @LOGIC EQUATION 
S.D =/ (ASN*RWN*/DREQN1+S*/DREQN1); 


AUTOMATICALLY e¢ IMMEDIATELY « EFFORTLESSLY 


Fully menu driven, SLICE incorporates a ORDERING INFORMATION 

fuse table editor for making quick To order your FREE SLICE 1.08 package, 
modifications to the design and a test vector contact your local Signetics sales or 
editor for input of test vectors. representative office. 


A built-in Boolean equation extractor 
allows existing PLDs to be used as the basis 
for a new design. The extractor reads JEDEC 
information from a PLD and creates a file 
containing the corresponding Boolean ; 
equations. The result can then be used to | 
consolidate several PLD designs into a 
single, denser part. 


And SLICE is upward compatible with 
Signetics extensive design suite, SNAP. 
SNAP, in fact, is a superset of SLICE. Among 
other enhancements, it provides full logic and 
fault simulation capabilities and design entry 
using the popular Data I/O DASH and 
OrCAD STD IV schematic capture tools. 
Compatibility means users can move up to 
SNAP for more complex design, while 
making full use of files created under SLICE. 
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INTERPRETING THE SLICE 
FUSETABLE 

A PLD fusetable or program table is a 
representation of how the device is actually 
programmed. It may be used to hand code 
the device, or more importantly, check that 
the design software implemented the design 
efficiently. Sometimes the way equations are 
written affects their implementation. It is 
recommended if a change in the program 
table is desired, that it NOT be modified 
directly. The original equations should be 
edited, compiled and a new JEDEC fuse 
table generated. 


SLICE contains a module called ‘Fusetable’ 
which is a program table editor. It reads in the 
JEDEC fuse table (.JED file) and displays the 
program table on the screen. The program 
tables displayed are similar in appearance to 
the program tables printed on device data 
sheets and in the Signetics PLD Data 
Manual. SLICE fusetable representations 
differ slightly from those in data sheets. Data 
sheet program tables contain boxes, headers 
and labeling surrounding each section while 
SLICE contains a box in the upper right of the 
screen describing the cursor location. The 
characters describing the different fusing 
configurations are the same. 


We will start out first by looking at a simple 
PHD16N8 program table. Next, different 
device program tables will be presented from 
devices of varying levels of complexity up to 
the PLHS501. The concepts used in all 
program tables are similar and once the user 
is familiar with the character representations 
used, any program table should be easy to 
interpret. Three areas of connections to 
especially note are the input/feedback buffers 
to product terms, OR gate inputs, and JK 
type flip-flop inputs. Each of these areas 
either use different or have unique definitions 
of the fusing representation characters. 


The PHD16N8 is a very simple and useful 
high-speed device. It contains only 16 
product terms (AND gates), 8 of which are 
connected through 3-State inverters to pins. 
The remaining 8 product terms control the 
3-State function of the output buffers. It 
contains no OR gates. Each product term 
may receive inputs from up to 16 sources. 
There are 10 direct input pins and 6 
feedbacks from bidirectional pins. Each 
possible input source goes through a buffer 
which has an inverting and a non-inverting 
output. Four characters are therefore required 
to show how each input source is connected. 
A SLICE representation of the program table 
is shown below with four product terms 
programmed. : 
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0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 


There are 16 lines of 16 characters. Each line 
represents a product term. Each character 
represents the way an input source is 
connected to the product term. By moving 
the cursor around the program table, a box in 
the upper right of the screen will display the 
product term number and input designator. In 
the PHD16N8 program table, product terms 
controlling the output buffer 3-State function 
are arranged in the program table 
immediately above the product term for the 
output function. The four characters used to 
denote connections between an input or 
feedback buffer and a product term are H, L, 
—, and 0. 


A zero (0) is the default or virgin state 
designator for the connection between an 
input buffer and product term. It indicates that 
both the non-inverting and inverting outputs 
from the buffer are connected to a product 
term’s input. This has the effect of holding the 
product term’s input and thus it's output LOW. 
A Zero is usually not found on a row alone. To 
hold a product term low, it is better to connect 
all inputs of a product term to all buffer 
outputs. This is because the two paths 
through a buffer do not have equal delays. If 
only one buffer was used to hold a product 
term LOW, any signal on the input of the 
buffer may cause a glitch on the output of the 
product term. 


A dash (-) is the opposite of a zero. It 
denotes neither the non-inverting or inverting 
output of a buffer is connected to the product 
term. If all of the inputs to a product term are 
dashed, then an internal pull-up guarantees 
that the output of the product term will be 
HIGH. This is used frequently for product 
terms controlling 3-State output buffers. In 
the PHD16N8 example above, the first and 
third product terms control the 3-State output 
buffers of the second and fourth product 
terms. They are all dashed so the two outputs 
are constantly enabled. The other 3-State 
control product terms are all zeroed so the 
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unused outputs are in a high-impedance 
mode. 


The H and L characters denote respectively a 
connection between only the non-inverting 
and inverting buffer outputs and the product 
term's input. Reading the H and L characters 
on a specific product term's row almost 
makes the device appear to be a collection of 
many comparators. For example, the second 
product term of the PHD16N8 program table 
above is: 


The output of the product term will only be 
HIGH when the inputs match that pattern. In 
other words, the output will only be HIGH 
when 10 is HIGH AND I2 is HIGH. The fourth 
product term is: 


Se a yas L------ 


The output of this product term will be HIGH 
only when I0 is LOW. Note that the PHD16N8 
has a 3-State inverting buffer following the 
product term. Therefore, the device pin will 
be LOW when the product term is HIGH. 


A FIXED-OR architecture PLD such as the 
PLQ22V10 is represented by the following 
program table segment. 


HHHHHHHHHH 
DDDBBBBBBB 


0000000000000000000000 
0000000000000000000000 
0000000000000000000000 
0000000000000000000000 
0000000000000000000000 
0000000000000000000000 
0000000000000000000000 


At the top of the program table are two lines 
which are shorter than the regular product 
term lines. These lines indicate the functions 
of each output macrocell (OMC). When the 
cursor is moved over the top row, the upper 
right box of SLICE will show POLARITY. 
Each character indicates how a particular 
output's polarity is programmed, either H or L 
indicating Active-High or Active-Low. Output 
F9 is on the left and FO is on the right. The 


next line will show CONTROL indicating 


whether an OMC is set for D-type flip-flop or 
combinatorial output. Valid characters in this 
line are D for flip-flop and B for bidirectional 
combinatorial output. 


The OR terms are not shown by SLICE 
because they are fixed. If the cursor is moved 
over a product term the indicator in the upper 
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right of the editor will show with which output 
pin the product term is associated. The 
3-State control product term for a specific 
output occurs before the associated group of 
ORed product terms. For example, if the 
cursor is moved over the first product term, 
the indicator will show OE9-P23 which means 
that this product term is the output enable 
control for output F9. Moving the cursor down 
to the second product term shows PO-F9 
which indicates this term is one which feeds 
into the OR gate of output F9. 


The next program table segment is from a 
PLUS153. This segment is from the top 
portion of the program table. 


sfeec LH----------A.AAAAAAAA 
si ca lea HL-----~-----A.AAAAAAAA 
pee HH---~--~--- .AAAAAAAAA 


000000000000000000. .AAAAAAAA 
0O0000000000000000. . AAAAAAAA 
000000000000000000. .AAAAAAAA 


A new section has been added to what we've 
seen previously. The new section indicates 
the programming of the OR array and is 
represented on the right portion by “A” and 
dot (.) characters. In any PLA architecture 
device the OR array is connectable to any 
product term. This enables product terms to 
be ‘shared’ between outputs. For example, if 
an output called OUT1 had an equation of 
“OUT1 =1N1 * IN2 + IN3” and OUT2 had an 
equation of “OUT2 = IN1 * IN2” only two 
product terms would be needed for a PLA 
while three would be needed for a FIXED-OR 
architecture device. One product term (IN1 * 
IN2) is common to both outputs and in a PLA 
may be connected to both OUT1 and OUT2. 
The FIXED-OR device would have to 
duplicate this product term — one for each 
output. In addition, a bipolar PLA device may 
even be reprogrammed if the changes are 
small. This can be achieved by disconnecting 
the unwanted product term from the OR 
array, adding the desired product term to the 
end of the program table and connecting it to 
the desired output. 

The OR section of the PLUS153 program 
table consists of 10 columns, one for each 


February 20, 1992 


output and 24 rows, one for each possible 
product term connection (the other 10 product 
terms control the 3-State output buffers). We 
noted in the preceding paragraphs for product 
terms that each input buffer had both 
inverting and non-inverting outputs and thus 
four characters were required to describe 
possible connections. The AND gates only 
have only one output and therefore only 2 
characters are needed to represent a 
connection and lack thereof. This is denoted 
by an A and a dot (.) respectively. Also, this 
section is read vertically, NOT horizontally as 
the product term inputs. If a PLUS153 logic 
diagram is rotated 90 degrees, the 
relationship to the program table should be 
obvious. 


A section of an adder example is shown 
below. 


Seat LH---------~A.AAAAAAAA 
Peete HL--------~--A. AAAAAAAA 
eemenee HH---~~-----.AAAAAAAAA 


000000000000000000. .AAAAAAAA 
000000000000000000. .AAAAAAAA 
O00000000000000000. .AAAAAAAA 


In this example outputs B(9) and B(8) are 
used. The remaining outputs are not used. 
The first and second product terms are 
connected to output B(9) and the third is 
connected to B(8). Notice that these product 
terms are also connected to all unused 
outputs. This does not cause any problems 
because of the 3-State control fusing as 
shown by the following segment from the end 
of the same PLUS153 program table. 


090000000000000000. . AAAAAAAA 
O000000000000000000. .AAAAAAAA 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 


ya 
tote} 


rrrttrs 
BLGLEeE 
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FIXED-OR architecture devices have their 
3-State output control product term 
distributed between sections of OR 
groupings. PLA devices have control product 
terms displayed at the end of their program 
table. The outputs B(9) and B(8) have their 
3-State output buffer constantly enabled as 
shown by the dashed product terms. The 
other enabling product terms are all zeroed, 
forcing the unused B pins into their 
high-impedance 3-State mode. 


Leaving product terms connected to unused 
B pins gives an advantage if additional output 
pins are added at a later time. If another 
output is added that requires a product term 
which is already used by an output, then it 
may be possible to reprogram the old device 
with the new pattern. 


A minor section of the PLUS153 fusemap 
occurs as the last line as shown above. It 
consists of 10 characters which may be either 
H or L. These characters show the polarity of 
the outputs. An 'H’ denotes no inversion or 
the output is ‘Active-High’. An ‘L’ denotes an 
inversion or the output is ‘Active-Low’. In the 
adder example, B(9) and B(8) are both 
‘Active-High’. 


So, just to quickly review the PLUS153 adder 
example program table, three product terms 
were programmed. Two for the B(9) output 
which when read from the fusemap translates 
to B(9) = 10 * /11 + AO * 11. This is an AND-OR 
implementation of the XOR function. Output 
B(8) used one product term of B(8) = 10 * 11. 
Both outputs are ‘Active-High’ and constantly 
enabled. 


The following is a PLUS405 program table 
segment. However, the different sections 
have been separated by spaces for clarity. 
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LH 

LLELLELLLELLECLY 

AA -------~-------- ----- LLL ----- HLL HLL-----~ 
AA --~---~-----~----- ----- HLL ----- HHH HHH-~--- 
AA ---------------- ----- LHL ---~- HHL HHL----- 
AA ---------------- ----- HHL ----- HLH HLH----- 
AA ---------------- ----- LLH ----- LLL LLL----- 
AA ------~---------- ----- HLH ----- LLH LLH----- 
AA ---------------- ----- LHH ~---- LHL LHL----- 
AA ---------------- ----- HHH ~~--- LHH LHH----- 


00 0000000000000000 00000000 00000000 
00 0000000000000000 00000000 00000000 


00000000 
00000000 


[ls J 
01 2 


The first row indicates the fusing 
configuration for the CLK1/CLK2 and INIT/OE 
options. The second row displays the flip-flop 
PRESET/RESET option for each flip-flop. In 
this example, all flip-flops will be reset upon 
an INIT signal on pin 19. 


The next row is a representation of a product 
term within the PLUS405 and it's connections 
to the OR arrays. Like the PLUS 153 it 
consists of two main sections. The product 
term array (columns 0 - 25) and the OR array 
(26 - 41). Ignoring columns 0 and 1 for the 
moment, columns 2 through 25 display the 
fusing of input buffers connected to the 
product term. It is exactly like the 
combinatorial devices we have seen so far. 
Columns 2 through 17 show the dedicated 
input buffer connection fusing and 18 through 
25 display the feedback from the internal 
buried (not connected to pins) flip-flops. In 
this example, the output of the first product 
term will be HIGH when the outputs of 
flip-flops P2, P1 and PO are all LOW. 


The OR array differs in it's representation as 
compared to a device without JK or SR 
flip-flops because of the two inputs required 
for JK flip-flops. As the input buffer to product 
term connections consists of two buffer 
output lines being fused to a single product 
term input, the PLUS405 OR array section 
consists of one product term output being 
fused to two OR gate inputs - one or the J 
and one for the K flip-flop input. Four 
characters are required to represent the two 
fuses. The same characters are used as in 
the product term section. The PLUS405’s OR 
array section is still read vertically for a single 
output but it can also be read horizontally to 
determine the next state. In the above 
program table, columns 26 - 33 are inputs to 
P7 - PO (the internal flip-flops). Columns 34 - 
41 are inputs to F7 - FO which are the output 
flip-flops. 


A zero (0) is also the default virgin state 
condition of the OR array section. It 
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| | | | | | 
17 18 25 26 33 34 


represents a connection of the product term 
output to both the J and K inputs. Unlike a 
zero in the product term section, a zero may 
be found alone on the line. It is used to toggle 
the flip-flop upon a clock. Counters may be 
efficiently constructed using this feature. 


A dash (-) indicates that the product term 
does not connect to either the J or K. The 
flip-flop will remain in it's current state while 
being clocked. 


An “H” indicates the product term connects to 
only the J input of the flip-flop. If the product 
term is HIGH and after a clock occurs, the 
flip-flop output will be HIGH. 


An “L” indicates the product term connects to 
only the K input of the flip-flop. If the product 
term is HIGH and after a clock occurs, the 
flip-flop output will be LOW. 


Sometimes columns 18 - 25 are called the 
“present state” inputs because they come 
directly from the buried flip-flops. Columns 26 
- 33 are call the “next state” outputs as they 
connect to the buried flip-flops inputs and 
control to which state the flip-flops will 
transition. 


Looking at the above program table we can 
determine into which state this machine will 
go given a present state. Assuming that an 
INIT pulse occurred, all flip-flops will be LOW 
(this was read from the second line). This will 
make the very first product term (third line) 
active or HIGH. Upon the rising edge of a 
clock pulse, the state will change to HLL © 
(P2-P0) and the output also will change to 
HLL (F7-F5). The second product term (line 
four) will become HIGH and force a jump to 
HHH upon the next clock. This will cause the 
product term of line 10 to become active and 
force a jump to LHH. You should be able to 
follow the state machine from here back to 
State LLL. 


Although this state machine did not use any 
of the direct inputs, adding a pattern to a 
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product term would be quite easy. It would 
cause this state machine to wait in a state 
until the particular input pattern occurred on 
the input pins before proceeding to the next 
State. 


Columns 0 and 1 show the fusing of the two 
complement arrays. A complement array is 
actually a NOR gate whose input is 
connectable to any or all product term 
outputs and whose input is connectable to 
any or all of the product terms input. It can be 
used as an illegal state detector, forcing a 
jump to a known state, or as an “ELSE” jump 
generator 


The complement array's column is a little 
different from what we've seen so far. This is 
because the complement array input spans 
all of the product terms output (like a regular 
OR gate) but it’s output is fed back into the 
product term input's section. Two fuses are 
represented by each character in the 
complement array column. A zero (0) 
indicates both the output of the product term 
is connected to the input of the complement 
array and the output of the complement array 
is connected to the product term’s input. This 
condition is not used for a product term that 
has other inputs programmed because it 
could cause oscillations. 


A dash (-) indicates neither the output of the 
product term is connected to the complement 
array or the output of the complement array is 
connected to the input of the product term. 


An “A” denotes connection only between the 
product term output and the input of the 
complement array. A dot (.) denotes a 
connection only between the complement 
array output and the input of the product 
term. Graphical representations of these 
connection options are listed in the PLUS405 
data sheet. 


A portion of a PLHS501 program table is 
shown in below. 
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ee eee eee eeseeseenen eevee e ree enae 


The first line indicates the state of the fuses 
enabling outputs B3-BO. An “H” indicates the 
3-State output buffer is enabled. An “L” 
indicates the specific B pin’s output buffer is 
permanently in the high-impedance mode. 


The remaining lines of the PLHS501 program 
table indicate how the inputs to each NAND 
gate are configured. In the above 
representation, the dashes and dots occur on 
different lines. While viewing the program 
table with SLICE, the 32 dashes and 72 dots 
occur on one line. Cursor control keys may 
be used to scroll the screen horizontally and 
vertically. The upper portion of the program 
table display inputs to NAND gate that 
connect to output buffers followed by the 72 
foldback NAND gates. The upper right status 
box of SLICE’s program table editor always 
displays the name of the NAND gate 
currently under the cursor as well as which ~ 
input is at the cursor intersection. 


Each NAND gate of the PLHS501 has as it's 
inputs 24 dedicated input buffer outputs, 8 
bidirectional pins feedback buffer outputs, 
and the outputs of 72 foldback NAND gates! 
That adds up to a 104 input NAND gate and 
the PLHS501 has 120 of them! The dashed 
portion of the line represents the 24 input and 
8 bidirectional pins feedback buffer 
connections. Valid entries are H, L, —, and 0. 
The meanings are exactly like the inputs to 
product terms described in the previous 
device examples. 


The remaining portion of the line contains 
dots (.) or “A” characters. This represents no 
connection or a connection to a foldback 
NAND gate’s output. The specific NAND 
gate’s name will be listed in the status box of 
the editor when the cursor is under an “A” 
character. 


In the above example, the first NAND gate 
does not have anything connected to it. The 
second has I0 (pin 41) and [2 (pin 43). The 
output of this NAND gate will go LOW only 
when 10 is HIGH and [2 is LOW. The third 
NAND gate doesn’t have any pin buffer 
inputs, but it does have the output of a 
foldback NAND gate (FB2) as an input. The 
fourth NAND gate has two foldback NAND 
gate outputs as inputs. They are FBO and 
FB1. The fourth NAND gate’s output will only 
go active LOW when both outputs of FBO and 
FB1 are HIGH. 
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The fusetable or program table for a 
PLUS153 is actually quite simple. It is divided 
into two main sections which represent the 
AND array and the OR array sections of the 
actual device. These sections contain 
characters which represent the fusing 
connections of the arrays. 


Ina PLUS153, there are 18 buffers feeding 
into the inputs of 42 AND gates. Eight of 
these buffers are from input only pins (l0-17) 
while the remaining 10 are from the 
bidirectional pins (BO-B9). Each buffer has a 
non-inverting and inverting output. Therefore, 
there are four possible output connections 
from each buffer to the input of an AND gate. 


Notice in the program table the H,L,- and 0 
characters which are located left of the ‘A’ 
and dot (.) characters. These characters 
represent the four possible input buffer 
connections to product terms (AND gates) 
and are read horizontally. There are 18 
columns in this section, one for each buffer 
and there are 42 rows, one for each product 
term. 


A zero (0) is the default or virgin state 
designator for the connection between a 
buffer and product term of the PLUS153. It 
indicates that both the non-inverting and 
inverting outputs from the buffer are 
connected to a product term's input. This has 
the effect of holding the product term's input 
and thus it's output LOW. A zero is usually 
not found on a row alone. To hold a product 
term low, it is better to connect all inputs of a 
product term to all buffer outputs. This is 
because the two paths through a buffer do 
not have equal delays. If only one buffer was 
used to hold a product term LOW, any signal 
on the input of the buffer may cause a glitch 
on the output of the product term. 


A dash (-) is the opposite of a Zero. It 
denotes neither the non-inverting or inverting 
output of a buffer is connected to the product 
term. If all of the inputs to a product term are 
dashed, then an internal pull-up guarantees 
that the output of the product term will be 
HIGH. This used frequently for product terms 
controlling the PLUS153’s 3-State output 
buffers. 


The H and L characters denote respectively a 
connection between only the non-inverting 
and inverting buffer outputs and the product 
term's input. Reading the H and L characters 
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on a specific product term’s row almost 
makes the device appear to be many 
comparators. For example, if a product term 
had “ H-L ” listed as it's 
inputs, then the output will only be HIGH 
when the inputs match that pattern. In other 
words, the output will only be HIGH when 10 
is LOW AND 12 is HIGH. 


The OR gate input connections are 
represented by the other half of the program 
table. There are 10 columns, one for each 
output and 24 rows, one for each possible 
product term connection (the other 10 product 
terms control the 3-State output buffers). We 
noted in the preceding paragraphs that each 
input buffer had both inverting and 
non-inverting outputs and thus four 
characters were required to describe possible 
connections. The AND gates only have only 
one output and therefore only 2 characters 
are needed the represent a connection and 
lack thereof. This is denoted by an A anda 
dot (.) respectively. Also, this section is read 
vertically, NOT horizontally as the product 
term inputs. If a PLUS153 logic diagram is 
rotated 90 degrees, the relationship to the 
program table should be obvious. 


For example, a section of the adder example 
is shown below. 


Sieces LH--~~---~--A.AAAAAAAA 
Sere se HL------~----A.AAAAAAAA 
nee HH-~-~--~-~---. AAAAAAAAA 


O0O00000000000000000. .AAAAAAAA 
000000000000000000. .AAAAAAAA 
0O00000000000000000. .AAAAAAAA 


In this example the outputs B(9) and B(8) 
were named SUM and CY. The remaining 
outputs were not used. The first and second 
product terms are connected to SUM and the 
third is connected to CY. Notice that these 
product terms are also connected to all 
unused outputs. This does not cause any 
problems because of the 3-State control 
fusing as shown by the following segment 
from the end of the program table. 
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000000000000000000. .AAAAAAAA 
000000000000000000. .AAAAAAAA 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 


HHLLLLLLLL 
The outputs SUM and CY have their 3-State 


output buffer constantly enabled as shown by 
the dashed product terms. The other enabling 
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product terms are all zeroed, forcing the 
unused B pins into their high-impedance 
3-State mode. 


Leaving product terms connected to unused 
B pins gives an advantage if additional output 
pins are added at a later time. The PLA 
architecture of the PLUS153 allows product 
terms to be shared between two or more 
outputs. If another output is added that 
requires a product term which is already used 
by an output, then it may be possible to 
reprogram the old device with the new 
pattern. 


Aminor section of the PLUS153 program 
table occurs as the last line as shown above. 
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It consists of 10 characters which may be 
either H or L. These characters show the 
polarity of the outputs. An ‘H'’ denotes no 


_ inversion or the output is ‘Active-High’. An ‘L 


denotes an inversion or the output is 
‘Active-Low’. In the adder example, SUM and 
CY are both ‘Active-High’. 


So, just to quickly review the adder example 
program table, three product terms were 
programmed. Two for the SUM output which 
when read from the fusemap translates to 
SUM = 10 * /I1 + 10 * I1. This is an AND-OR 
implementation of the XOR function. Output 
CY used one product term of CY = 10° 11. 
Both outputs were ‘active-high’ and 
constantly enabled. 
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[ADVANTEST[ ADVIN [ BASIC BPMICROSYSTEWS DATAUO™ 

rs [rors] woe [rie | crv | wore | [SE 
proovcrwane | Pevton | Revison } reviton | Feneun | fevson | Revlon | Aion | to 
PAL® DEVICES | 
[rommeven [- [| - [ee [1s [om ] se | - | - 
rooaceves [= es ea 
Pprorenes [= [ore [as se 
PpHosenae7 [= es = ee 
Pleaviorortas |__| ose | 22 | ta | vei_{ 38] #8 | _ 
picvevezesras | - [wore [eas [tas [ve [2s [oo 
Ppuusiete7 [oso [sore _[ 228 [ef ve [se [to [te | 
puusieneri [080 [tore [eas im [ize {38 [102 
rpuusrene-7 [oso [tore [eas [1m _[_i7e_ {9a [10 [12 
rpuusienem {oso [sore [22s [im [ie | se [ to |__| 
rpLussoe-7 {cso [wore [228 [fe [af eft 
rpiuszonenD [eso [sore [es fim [ave [3a [to | 
rpiuszone7i [050 [tore [eas | 1 [17 {39 | 10 [10 
puuszonem [cso | worse [ie [ae [af ef 
PLA DEVICES 
esi «| oo [wm [ - | - [= | | | 
peision fos tos fe ett 
rpisisarissa— [oso [toss [eas [me fe _[ ae [te 
peisia [so [0s [ase ie [dt 
rpiusiss1ope [cso [sos [22s [ie _[ ie [asf ef 
rpuusiveiooe [cso [vas [eas [1m [ae | 23 [10 [4 
SC OC 
rpusiosiosn [oso [vos [eas [= if ve fs [eto 
ppisiss [oso toes eas [reef ef sf tet 
ppisisy 50 toss ee [sed 
pisissk [oso toas_ [eas [fe [soit 
pisiemiema [eso [1035225 [im [ae [as [et 
rpisiearisea [cso [toss [as fief me [sf tet 
peusiva [oso toss eas [ref ie [3a [80 
ppuusiosssas [oso f= if eas fd te {ee df te Pt 
Pluswsssasar) oso voas faze [ - | «7 | 96 | 16 | 10 
rpuizsszssiss [== fees fd de 
ppisesessso_f - | - | 22 | - | - | 38 | - | - | 


x 


See individual programmer reference guide for more details. 
@PAL is a registered trademark of Advanced Micro Devices, Inc. 
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DATA /0* (continued) 


MODEL MODEL 
29B 60 


303A-011A. 
Revision 


LOGICAL DEVICES STAG* STREBOR SYSTEM GENERAL 


ALLPROS8 Seer ZL30A PLP-S1A | SGUP-85A | TURPRO-1 


Software Software System System Software System 
Revision Revision Revision Revision Revision Revision 


ALLPRO4O 


S 
- 
@ 
io 
m 
= 
OQ 
m 
Mi 


System 


System 
Revision 


Revision 


1.50C 
1.50C 
Vi2.—_ V15 1.50C 


: 
—_ 


2.10 2/ 
210 2/91 
2.10 2/91 30A36 


NM 
> 
ss 
ip 
Nh 


1.42 


== 10 | ee 
50801 
Vog V15 1.50C _ 2.10 2/91 30A31 | 1.420 | 

V08 1.50C 2.10 2/91 30A31 

08 1.50C 2.10 2/91 30A31 | 1.42 | 


V08 ~~ V14.2 
V08 _. V14.2 


1.50C 
1.50C 


2.10 2/9 30A31 
2.10 2/91 30A31 


1.42 
1.42 


‘ 


V08 V14.2 
PLA DEVICES 


V05* Vo1 1.50C 
V05* vot 1.50C 
Vo2 V12 1.50C 
Vo2 V12 -1.50C 
VO7 V15 1.50C 
07 V15 1.50C 


PLS DEVICES 


1.50C 2.10 2/91 30A31 1.42 


ND NM] N | 
B= ti ff 


VOB V14.2 1.50C 2.10 2/91 30A31 1.42 
Vos V14.2 1.50C 2/91 30A31 24 


2.10 2/91 30A01 
2.10 2/91 30A01 
2.10 91 30A01 
2.10 2/91 30A01 
2.10 30A40 
2.10 2/91 30A40 


; 


1.42 
1.42 
1.42 
1.42 — 


& 
rd 


: 
NOT PO 
|] > 


2.4 


2.10 2/91 30A34 


[vo [wn [1m [aw ee ee 
A A 
AS 


PML DEVICES 


1.50C 2.10 4/91 
| 4/91 


30A22 


n 


A 
C 


i) 
> 


1.50 
1.50 
1.50 


ny 
Oo 
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Data I/O Corporation 

10524 Willows Road, N.E. 
Redmond, Washington 98073-9746 
Telephone Number: (800) 247-5700 


MODEL 29B . MODEL 60 
Signetics Adapter Revision UNISITE MODEL | MODEL Adapter Revision 
Part Device Site Chip/ 2900 | 3900 | System 


Number 
PHD16N8 1B8F | 303A-011A:V12 | 303A-011B;V0O5 | V2.4 Bd hel Ped ead py eo 
ECL | 
10H20EV8 14013B V27. | V27 
rows [wows |---| ae | wo | | | | | | 


PAL® 
PLC18V8Z-35/-25 
PL22V10 

PLUS 16L8 

PLUS 16R8/R6/R4 
PLUS20L8 
PLUS20R8/R6/R4 
PLA 
PLS100/101 
PLS100/101 
PLS153/A 
PLS153/A 
PLS173 
PLS173 
PLUS 153B/D/-10 
PLUS173B/D/-10 
PLS 
PLC415-16 
PLC42VA12 
PLS105/A 
PLS105/A 
PLS105/A 
PLS105/A 
PLUS 105-45/-55 
PLS155 
PLS155 
PLS157 
PLS 157 
PLS159A 
PLS159A 
PLS167/A 
PLS167/A 
PLS168/A 
PLS168/A 
PLS179 
PLUS405-37/-45/-55 


303A-011A;VO9 
303A-011A;V14 
303A-011A;V08 
303A-011A;V08 
303A-011A;V08 
303A-011A;V08 


303A-011B;V04 
303A-011B;V04 
303A-011B;V04 
303A-011B;V04 
303A-011B;V04 
303A-011B;V04 


360A001 
360A001 
360A001 
360A001 
360A001 
360A001 


360A006 
360A006 
360A006 
360A006 
360A006 
360A006 


360A003 : 
360A002 
360A009 
360A002 

— 360A009 
360A001 | 360A009 
360A002 | 360A009 


303A-001;V01 
303A-001;V05 
303A-011A;V02 
303A-001;V05 
303A-011A;VO2 
303A-00 1 ;V06 
303A-011A;V07 
303A-011A;V07 


303A-011B;V02 
303A-011B;V02 
303A-011B;VO2 
303A-011B;V02 
303A-011B;V03 
303A-011B;V03 


A ONLY 
A ONLY 


303A-011A;V10 
303A-011A;V12 
303A-011A;VO2 
303A-001:V01 
303A-001;VO05 
303A-011A;V02 
303A-011A;VO9 
303A-011A;V02 
303A-001;V05 
303A-001;VO5 
303A-011A;V02 
303A-011A;V02 


303A-011B;V04 
303A-011B;VO5 


360A003 
360A002 
360A003 


303A-011B;VO02 
303A-011B;VO02 
303A-011B;V04 
303A-011B;VO02 
303A-011B;VO2 
303A-011B;V02 
303A-011B;V02 
303A-011B;VO2 


360A003 


360A008 


360A002 


360A002 


360A002 


360A009 


360A009 
360A009 


303A-011A;V02 
303A-011A;VO2 
303A-001;V06 

303A-011A;VO2 
303A-011A;VO7 


303A-011B;V02 


360A002 


360A009 


360A009 
TBD 


303A-011B;V02 


303A-011B;V02 
303A-011B;V04 


360A002 
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eae 29B EF - Agoporrensen:, 4 60 
Signetics eae Revision | unisire MODEL | MODEL EF - Agoporrensen:, 4 Revision 
Part . Device Site Chip/ 2900 | 3900 | System 


PLHS501 

PLHS502_ 

PML2552-35/-50 v2.8**** 
PML2852-35/-50 v3.5°""" 


NOTES: 

1. The software and hardware revisions listed are the first revisions released. All following revisions maintain support. 

2. FOR UNISITE USERS: PLCC packages can be programmed on either the Chipsite or Pinsite adaptors. 

3. FOR UNISITE USERS ONLY: Family codes listed above (the first two digits) must be preceeded with a “0” for PLCC packages. Pin codes 
4. 


listed above (the last two digits) must be preceeded with a “7” or "6" for PLCC packages. Also, product name might be preceeded by *-FN’. 
This version required to program security fuse on newer product. 
Older parts can use Version 2.3 or later. 
Pinsite adaptor required to program and functionally test these products without a DIP to PLCC adaptor. 
*** Needs a 40-Pin DIP to 68-Pin PLCC adaptor available from Emulation Technology. Part Number: AS-68-40-O1P-6 
Pinsite is aiso available for programming and functional testing without an adaptor. 
**** Needs a 40-Pin DIP to 68-Pin PLCC adaptor that is available from Emulation Technology. Part NumbaE AS-68-40-04P-6 
Pinsite is also available for programming and functional testing without an adaptor. 
***** Needs a 40-Pin DIP to 84-Pin PLCC adaptor available from Emulation Technology Part Number: AS-84-40-01P-6YAM 
EMULATION TECHNOLOGY, INC. 
2368B Walsh Avenue, Building D 
Santa Clara, California 95051 
Telephone No. (408) 982-0660 
Fax. No. (408) 982-0664 
5. DEVICE CODE: XXYY 
XX = FAMILY CODE 
YY = PIN CODE 
®PAL is a registered trademark of Advanced Micro Devices, Inc. 


at 
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STAG MICRO SYSTEMS, INC. 


Westem Area: . Eastern Area: 

1600 Waytt Drive, Suite 3 | 3 Northern Bivd., Suite B4 
Santa Clara, CA 95054 Amherst, NH 03031 

(408) 988-1118 (603) 673-4380 


DEVICE CODES MODEL 


2L30 


MODEL 
ZL30A 
SYSTEM PLCC 
REVISION ADAPTER 


SIGNETICS | 


FAMILY 
PART NUMBER CODES 
PHD DEVICES . 
PHD16N8-5 167 
ECL DEVICES | 
10H/10020EV8 


PAL® DEVICES 
PL22V 10-10/-12/-15 
PLC18V8Z 
PLUS20L8D/-7 


PLUS20R8D/-7 
PLUS20R6D/-7 


(DIP ONLY) 


30A001 


PLUS20R4D/-7 30A001 
PLUS16L8D/-7 30A001 
PLUS16R8D/-7 30A001 
PLUS16R6D/-7 30A001 


PLUS 16R4D/-7 
PLA DEVICES 


30A001 


PLS100/101 30A01 30A001 
PLS153/153A 30A01 30A001 
PLUS153B/D/-10 30A39S 30A39S 30A001 
PLS173 30A01 30A01 TBA 
PLUS173B/D/-10 30A39S 30A39S TBA 


PLS DEVICES 
PLS105/105A 


13 30A001 


PLUS 105-45/-55 11 30A001 
PLC415 12 30A001 
PLO42VA12 12 30A001 
PLS155 14 30A001 
PLS157 14 30A001 
PLS159A 13 30A001 
PLS167/167A 15 30A001 
PLS168/168A 15 30A001 
PLS179 15 30A001 
PLUS405-37/-45/-55 11 30A001 
PML DEVICES 
PLHS501 133 N/A 30A22¢ 30A 101 
NOTES: 


The software and hardware revisions listed are the earliest revisions that support these products. Later revisions can also be assumed to 
support these products. 


¢ Requires 30A101 adaptor; includes PLCC support. 
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a = 
9952 Eash Bladwin Place Jonn Goosset 


Tel: (800) 654-9838 
El Monte, CA 91731 (818) 575-5110 


Vendor to provide equipment 


American Reliance 
Daisan-Maruzen Building 
6-16-6 Nishishinjuku 


Aval Data 
Shinjuku-ku, Tokyo Japan 160 
B&C Microsystems | feaanae Ch pire (408) 730-5511 Pending new update 
: Wolfgang—Pauli-Gasse Tel: +43-—222~-9736360 Certified 4/89 
parle COMpuler Sysns RG A-1140 Wien-Auhof, Austria Fax: +43-222-975915 UP2000 
BP Microsystems Tc. iaeiees 102 Certified PLD1100, CP 1128 
10525 Willow Road, N.E. . Certified Model 29/60 
pata? Redmond, WA 98073-9746 OOO et eegeOG UNISITE, $1000, 2900 
: : 12505 Loma Rica Drive Dan Mower : 
Eden Engineering Grass Valley, CA 95945 (916) 272-2770 Vendor to provide eq. | 


Toshiko Ishii 
03-3344-2001 


Vendor to provide equipment 


Tim Morse 
Elan Digital Systems een sone (800) 541-ELAN Vendor to provide eq. 
, (408) 946-8495 


‘ : : 44388 S. Grimmer Blvd. Peter Huang : 
HiLo/Tribal Microsystems Fremont, CA 94538 (415) 623-8859 Pending new update 


1201 N.W. 65th Place Jeff Williams ALLPRO 40 
pa) eater ree Certified 7/91 
(305) 974-0967 (FL only) 


3628 Madison Avenue, Ste. 5 Tel: (916) 348-6066 Certified 
North Highlands, CA 95660 Fax: (916)348—-0926 System 1891 & 1910. - 
2098 South Grand Avenue ; 
Suite H Stanley Fiala 


Santa Ana, CA 92705 (714) 751-1373 


13720 Midway Road, Suite 105 Encore Tech. Corp., Bob Trout 
Dallas, TX 75244 (214) 233-3122 


SMS — W. Steudel Tel: +49-7522-4460 


Im Morgental 13 
D-8994 Hergatz, Germany Fax: +49-7522-8929 


Logical Devices 


Fort Lauderdale, FL 33309 


Red Square Co. Vendor to provide eq. 


SMS 
Sprint Plus/Expert 


Certified 
Sprint Plus 


1600 Wyatt Drive, Suite 3 Terry Hepner Certified 
. Santa Clara, CA 95054 (408) 988-1118 ZL30A 
Strebor 1008 North Nob Hill Drive Larry Roberts Certified 
PML Support Only America Fork, UT 84003 (801) 756-3605 PLP-S1/S1A 
: : 524 South Vermont Larry Reese ; 
Glendora, CA 81740 (818) 914-1926 NANCE tO PreMIee Sa: 


510 South Park Victoria Dr. 
P.O. Box 361898 
Milpitas, CA 95036-1898 


Certified - SGUP-85/85A 
TURPRO-1 


Gary DeLucchi 


System General (408) 263-6667 


Young Oh 
(408) 745-7974 
(800) 541-1975 


764 San Aleso Avenue 
Sunnyvale, CA 94086 


Xeltek Pending new update 
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LOGICAL 


SIGNETICS DEVICES 


ACUGEN DATA I/O ISDATA 


SIGNETICS 


PRODUCT NAME SLICE ATGEN 


ABEL LOG/iC CUPL PLDesigner 


Revision 


v 
PY 
[- 
@ 
o 
m 
< 
?) 
m 
” 


—h 
—s 
o 
wo} oo 
ore ore 


Sc a 
Oc CAO 1 
rprowenee7 [10 [te | - | 40 [96 [aa {= 
puoteverzsres [105 [ref - | 41 | a4 [aa [ar 
Peuustener {10 [16 | ea fai_[ asf tom [ar 
Ppuuseos7o {10 | 16 | ea [ai__|3a__f 20a [an 
rpuuseoner [10 [ 6 fear f as fe 
puuseone7 [to [v6 {ear f asf 3a [aon [a 
Ppuuseore7 {10 [16 | e7 fai [3a [20 {ar 


PLA DEVICES 


frsico [im [ve [ew [= | 3 | em ] a 
piston os tearm 
CE EO ACAD 
rpuusiesiope [tof te [ea7 fast as iY rea 
Pruusisiooe [10 [16 | 247 [a1 ) 98 [2a a1 


PLS DEVICES 


PLC415-16 
PLC42VA12 
PLS105/105A 
PLS155 
PLS157 
PLS159A 
PLS167/167A 
PLS168/168A 
PLS179 1.05 
PLUS105-55/-45 1.0 
PLUS405-55/-45/-37 1.0 


PML DEVICES 


o 


2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 


4.0A 
4.2A 
2.0A 
2.0A 
2.0A 
2.0A 
2.0A 


1.05 
1.05 
1.05 
1.05 
1.05 


1.8 


1.8 
1.8 
1.8 
3.0A 
3.0A 
3.0A 


—_ 
(oe) 
Gt Gd] wd] Gy W] G] & 
N 
_ 
> 
mM] |] pe] NM] NM] 
—_=i OO] —] = —_f aa] 2 


3.1 3.3 


3.3 


_— 
(>) 


at —_— anh — 
( fon) oo fon) 
nm 
py 
ss 
od Co} CW] Go] GW] GW) GW] & 
are a} a] Le] Uf Ca] la] Le 


PLHS501/5011 a Ee 
PML2552-36/-50 ee ee ee eee eee 
Pmi2e52-35/-50 ff 05 TT CO 

®PAL is a registered trademark of Advanced Micro Devices, Inc. 
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ABEL 

Data I/O Corporation 

10525 Willows Road N.E. 
P.O. Box 97046 

Redmond, WA 98073-9746 
Telephone: (206) 881-6444 


PART NUMBER TYPE PACKAGE 


| PINS | DEVICE FILE ABEL REV. 
24 3.1 


10020EV8 EC20EV8A 

10020EV8 28 EC20EV8AC 4.2 
10H20EV8 EC20EV8A 3.1 
10H20EV8 EC20EV8AC 4.2 
PHD16N8 P16N8 4.0 
PHD16N8 P16N8 4.0 
PHD48N22 P48N22 4.0 
PL22V10 P22V10 3.4 
PL22V10 P22V10C 3.4 
PLC 18V8Z P18V8Z 4.1 
PLC18V8Z P18V8Z 4.1 
PLCO415 F415 4.0 
PLC415 F415 4.0 
PLC42VA12 F42VA12 4.1 
PLC42VA12 F42VA12 4.2 
PLHS501 PML501 3.1 
PLS100 F100 3.1 
PLS100 F100 3.1 
PLS101 F100 3.1 
PLS101 F100 3.1 
PLS105/105A F105 3.1 
PLS105/105A F105 3.1 
PLS153/153A F153 3.1 
PLS153/153A F153 3.1 
PLS155 F155 3.1 
PLS155 F155 3.1 
PLS157 F157 3.1 
PLS157 F157 3.1 
PLS159A F159 3.1 
PLS159A F159 3.1 
PLS167/167A F167 3.1 
PLS167/167A F167C 4.2 
PLS168/168A F168 3.1 
PLS168/168A F168C 4.2 
PLS173 F173 3.1 
PLS173 F173C 4.2 
PLS179 F179 3.1 
PLS179 F179C 4.2 
PLUS105 F105 3.1 
PLUS105 F105 3.1 
PLUS153 F153 3.1 
PLUS153 F153 3.1 
PLUSI6L8 P16L8 3.1 
PLUS16L8 P16L8 3.1 
PLUS16R4 P16R4 3.1 
PLUS16R4 P16R4 3.1 
PLUS16R6 P16R6 3.1 
PLUS16R6 P16R6 3.1 
PLUS16R8 P16R8 3.1 
PLUS16R8 P16R8 3.1 
PLUS173 F173 3.1 


PLUS173 
®PAL is a registered trademark of Advanced Micro Devices, Inc. 


F173C 4.2 
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ABEL - Data !/O Corporation (CONTINUED) 


| PARTNUMBER | Type | _—sPacKAGE =| # PINS =~ |ODEVICEFILE =| ABELREV. 
PLUS2OL8 24 P20L8 3.1 | 
PLUS20L8 P20L8C 
PLUS20R4 P20R4 
PLUS20R4 | P20R4C 
PLUS20R6 P20R6 
PLUS20R6 P20R6C 
PLUS20R8 P20R8 


PLUS20R8 P20R8C_ 
PLUS405 F405 
PLUS405 F405 
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Third-party software support 


CUPL 

Logical Devices, Inc. 

1201 N.W. 65th Place 

Ft. Laudedale, FL 33309 
Telephone: (305) 974-0967 


PART NUMBER DEVICE MNEMONIC | PINS 


24 


~ CUPL REV. 


80 


10020EV8 P1020EV8 

10H20EV8 P1020EV8 24 80 
825100 F100 28 
82S101 F100 28 
82S105/105A F105 28 
82S153/153A F153 20 
PHD16N8 P16N8 20 
PHD48N22 F48N22 68 
PLC18V8Z F18V8Z 20 
PLC415 F415 28 
PLC42VA12 F42VA12 24 
PLHS501 F501 52 
PLS100 F100 28 
PLS101 F100 28 
PLS105/105A F105 28 
PLS153/153A F153 20 
PLS155 F155 20 
PLS157 F157 20 
PLS159A F159 20 
PLS167/167A F167 24 
PLS168/168A F168 24 
PLS173 F173 24 
PLS179 F179 24 
PLUS105-45/-55 F105 28 
PLUS153B/D/-10 F153 20 
PLUS16L8D/-7 F16L8 20 
PLUS16R4D/-7 P16R4 20 
PLUS16R6D/-7 P16R6 20 
PLUS16R8D/-7 P16R8 20 
PLUS173B/D/-10 P173 24 7 
PLUS20L8D/-7 P20L8 24 
PLUS20R4D/-7 P20R4 24 
PLUS20R6D/-7 P20R6 24 
PLUS20R8D/-7 P20R8 24 
PLUS405 F405 28 


PL22V10 P22V10 247 
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PLDesigner 

Minc, Incorporated 

6755 Earl Drive 

Colorado Springs, CO 80918 
Telephone: (719) 590-1155 


PART NUMBER TEMPLATE NAME TECHNOLOGY ae REVISION 


PLS100 A100 DIP/PLCC 
PLS101 A100 DIP/PLCC 
PLS153/153A A153 DIP/PLCC 
PLUS153 A153 DIP/PLCC 
PLS173 | A173 DIP/PLCC 
PLUS173 — A173 DIP/PLCC 
10020EV8-4 P20EV8 CDIP/PLCC 
10H20EV8-4 P20EV8 CDIP/PLCC 
PLUS16L8 P16L8 DIP/PLCC 
PHD16N8-5 P16N8 DIP/PLCC 
PLUS16R4 P16R4 DIP/PLCC 
PLUS16R6 | P16R6 DIP/PLCC 
PLUS16R8 P16R8 DIP/PLCC 
PLC 18V8Z35 P18V8S | DIP/CDIP/PLCC 
PLUS20L8 P20L8 DIP/PLCC 
PLUS20R4 P20R4 DIP/PLCC 
PLUS20R6 P20R6 DIP/PLCC 
PLUS20R8 P20R8 DIP/PLCC 
PL22V10 P22V10 DIP/PLCC 
PLS105/105A $105 DIP/PLCC 
PLUS105 | $105 DIP/PLCC 
PLS155 $155 DIP/PLCC 
PLS157 S157 DIP/PLCC 
PLS159A S159 DIP/PLCC 
PLS187/167A S167 DIP/PLCC 
PLS168/168A S168 DIP/PLCC 
PLS179 S179 DIP/PLCC 
PLUS405 S405 DIP/PLCC 
PLC415 S415 DIP/CDIP/PLCC 
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PLD software vendors contact guide 


CONTACT 
NUMBER 


*Signetics 811 E. Arques Avenue (800) 451-6644 
SNAP/SLICE Sunnyvale, CA 94086 Bulletin board # 


ACUGEN 
eee 
aes 
amar 
Gaseee Sango 80918 
a gg 


OrCAD Systems 1049 S.W. Baseline St., 


Suite 500 (503) 640-9488 
ORCAD/PLD Hillsboro, OR 97123 


800 Airport Road | Shay Adams 
ISDATA LOG/ic - Monterey, CA 93940 (800) 777-7359 


ISDATA GmbH 
Daimlerstr. 51 Tel: +49-721—751087 
D~7500 Karlsruhe 21 Fax: +49-721—-752634 
Germany 


19500 N.W. Gibbs Drive 
Logic Automation P.O. Box 310 (503) 690-6900 
Beaverton, OR 87075 


The SNAP and SLICE phone number connects to the SPG bulletin board. Compatible with 1200/2400 baud modems, messages can be left, 
problem files uploaded, and solution files downloaded. 


PRODUCT LOCATION 


* 
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Programmable Logic Devices 


Section 10 


Package Outlines 


20-Pin Plastic Leaded Chip Carrier (A) Package ................. 0.0.0 e eens 
28-Pin Plastic Leaded Chip Carrier (A) Package ............ 0.0.0. eee eee 
52-Pin Plastic Leaded Chip Carrier (A) Package ............ 0.0.0. cece 
68-Pin Plastic Leaded Chip Carrier (A) Package ............... 0... e eee eee 
84-Pin Plastic Leaded Chip Carrier (A) Package ............. 0.00. cece eee 


HERMETIC CERDIP® 450%, ocscd . set oes a4 Be owe Ey Mee tok eee arta eu Ca 
20-Pin (300 mils wide) Ceramic Dual In-Line (F) Package ..................... 
20-Pin (300 mils wide) Ceramic Dual In-Line with Quartz Window (FA) Package ... 
24-Pin (300 mils wide) Ceramic Dual In-Line (F) Package ..................... 
24-Pin (300 mils wide) Ceramic Dual In-Line with Quartz Window (FA) Package ... 
28-Pin (600 mils wide) Ceramic Dual In-Line (F) Package ..................... 
28-Pin (600 mils wide) Ceramic Dual In-Line with Quartz Window (FA) Package ... 


CERQUAD J-BEND 555 le Seddnd Pa ted ome Ws CE wee OEE ARR ee Ke hoes Mhadnea Ped 
68-pin Cerquad J-Bend with Quartz Window (KA) Package .................... 
84-pin Cerquad J-Bend with Quartz Window (KA) Package .................... 


PLASTIC DIP ise. 2c katana On tk Gower bt heen wate eaee anes nh aoeelias 
20-Pin (300 mils wide) Piastic Dual In-Line (N) Package ...................... 
24-Pin (300 mils wide) Plastic Dual In-Line (N) Package ...................... 
28-pin (600 mils wide) Plastic Dual In-Line (N) Package ...................... 
28-Pin (300 mils wide) Plastic Dual In-Line (N3) Package ..................... 


Philips Semiconductors—Signetics Programmable Logic Devices 
ae ae ae Ie EE ea TN ee a I ee eS ee a EOE 


Package outlines 


PLCC ? | | 
1. Package dimensions conform to JEDEC protrusions shall not exceed 0.15mm forward voltage drop of a calibrated diode 
specifications for standard Plastic Leaded (0.006”) on any side. to measure the change in junction 


Chip Carrier outline (PLCC) package. temperature due to a known power 


2 Pa numbers stan wih ne hand application. Test conditions for these 


2. Controlling dimensions are given in inches continue counterclockwise when viewed ; 
ee : aan a values are: 
with dimensions in millimeters contained from the top. 
in parentheses. 6. Lead material: Olin 194 (Copper Alloy) or Test Ambient—Still Air 
3. Dimensions and tolerancing per ANSI equivalent, solder dipped. Test Fixture— 0),—Glass epoxy test 
TRS 1286; 7. Body material: Plastic (Epoxy). board (2.24” x 
4. “D-E” and “F-G" are reference datums on d oe 2.24” X 0.062”) 
the molded body and do not include mold 8. Thermal resistance values are determine Aw Bah 
by Temperature Sensitive Parameter Jc- Water cooled heat 
flash or protrusions. Mold flash or 


(TSP) method. This method uses the sink 


PLASTIC LEADED CHIP CARRIER (PLCC) 


NO. OF LEADS PACKAGE CODE DESCRIPTION 


20 A 350mil-wide 
28 A 450mil-wide 
52 750mil-wide 
68 950mil-wide 
84 ——-1150mil-wide 


TYPICAL 05,/0j¢ VALUES (°C/W) 


> > > 
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C66} judy 


8S 


Evi vo 300r0-€S8 


LW 


0007 0.18 © BODES 
_L [0.002 1N7 W] 8| 
Za-| 


AN 


0.395 (10.03) 
0.385 (9.78) 


[0.007 0:1 AO] F-6 ©) 


0.010 (0.25) MAX. R 
3 PLACES 


0.356 (9.04) 
0.350 (8.89) 


0.395 (10.03) 
0.385 (9.78) 


0.048 (1.22) © : 


0.042 (1.07) X45 


4 SIDES 


0007 0.18) ©] AO F-6 OS} 
[{ [0.002 IN7INT A 
zB] 


0.356 (9.04) 0.060 (1.52) MIN. 


0.350 (8.89) 


® 0.025 (0.64) MIN. 
0.032 (0.81) 

® 0.026 (0.66 
0.056 (1.42) © , im 
0.042 (1.07) **8 


Zs 
Con 


0.120 (3.05) 
0.090 (2.29) 


0.180 (4.57) 
0.165 (4.19) 


alone oa] SEATING PLANE j arias 
| $021 OH o007 01) G[ DE O.F-G © 
0.330 (8.38) meee 
0.330 (8-38) __ (570.015 (0.38))| F-G 
0.045 (1.14) 0.290 (7.37) Le. (0.38) @| F-G.© | 
0.025 (0.64) 7 
20 PLACES 


NOTES 
1. -Package dimensions conform to JEDEC Specification MO-047-AA 


for Plastic Leaded Chip Carrier 20 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84.) 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


iN Datum plane “-H-” located at the top of mold parting line and coincident 

with top of lead, where lead exits plastic body. 
Location to datum “-A-” and “-B-” to be determined at plane “-H-". These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010” (0.25mm) on any side. 
Datum “D-—E” and “F—G” are determined where these center leads 
exit from the body at plane “-H-”. 

7. Pin numbers continue counterclockwise to Pin 20 (top view). 

8. Signetics order code for product packaged in a PLCC is the suffix 
“A” after the product number. 
Applicable to packages with pedestal only. 


CLEARANCE W/O 
PEDESTAL 


A 0.015 (0.38) as 
0.005 (0.13) ee (0.5) | 
CLeamANE L PEDESTAL 


SEATING PLANE 


L i gy 2:198 (5.03) -Po.010 0.25) O[ A@[8O] A\ 
0.194 (4.93) 
0.330 (8.38) || 0.015 (0.38) | D-E © | 


0.290 (7.37) 


3DVNOVd (v) HSINHVD dIHD GS0V41 DILSV 1d Nid-02 


souljjno abeyoed 


s9diAeq 91607 ajqewwesBoig soyaubig—ssojyonpuosiwes sdijiud 


2664 |udy 


6vS 


Evi vO 410P0-€S8 


LOV 


H[o007 0.18 OQ BODE SO 
1 [0.002 NN] 8} 
=A-| 


AN 


0.007 0.1 AG] FG ©) 


0.495 (12.57) 
0.485 (12.32) 


0.010 (0.25) MAX. R 
3 PLACES 


_ 0.495 (12.57) 


0.456 (11.58) 
0.485 (12.32) 


0.450 (11.43) 


® 


0.048 (1.22) 
X45° 


0.042 (1.07) 


0.050 (1.27) 


4 SIDES 


BH o.007 0.18) ©[ AS] F-6 
[ [0.002 1N7 IN A 
=a] 


0.456 (11.58) 
0.450 (11.43) 


® 0.025 (0.64) MIN. 
0.032 (0.81) 


ase 0.026 (0.66) 0.120 (3.05) 

07) X45° 0.090 (2.29 

A 0.042 (1.07) *45 =a ke (2.29) 
| 0.180 (4.57) 
a Copoonns 0.165 19) 
iL P| J 0.165 (4.19) 


[J 0.004 (0.10)] SEATING PLANE 


Aa 021 (0.53) | 
0.013 (0.33) 
oe (0) _|_]001 03D GO) 


0.045 (1.14) 
0.025 (0.64) 


28 PLACES 


- | 0.007 (0.18)®)| B©| O-E © | 


-P] 0.007 (0.18) @] 0 ©.F-G_ © | 


NOTES 
1. Package dimensions conform to JEDEC Specification MO-047-AB 


for Plastic Leaded Chip Carrier 28 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84.) 


2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 
3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


iN Datum plane “-H-” located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 
Location to datum “-A-” and “-B-” to be determined at plane “-H-”. These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010” (0.25mm) on any side. 
Datum “D-E” and “F—G” are determined where these center leads 
exit from the body at plane “-H-”. 

7. Pin numbers continue counterclockwise to Pin 28 (top view). 

8. Signetics order code for product packaged in a PLCC is the suffix 
“A” after the product number. 

Ay Applicable to packages with pedestal only. 


Location of Pin #1 mark is optional. Mark on chamfered side is preferred. 


PEDESTAL CLEARANCE W/O| . 
CLEARANCE PERE Or 


A Soe) 
0.005 (0.13) 2a (0.5) io 


SEATING PLANE 


| E |, 0204560 , [Blac waO[ ASSO] A\ 
0.218 (5.54) 


04900082) _t_resToos wa ODEO) 


ADVAOVd (Vv) HAIWYVO dIHD GAdVA4T OILSV 1d Nid-8z 


saulino abeyoed 


sadiaeq 21607 ajqewwesBbolg sonauBig—suojonpuodIWas sdijiud 


Z6E6E lucy 


OSS 


H[007 HST AO] FG ©) 


0.795 (20.19) 
0.785 (19.94) 


0.600 (15.24) 


erivO 326€0-€58 


[P| 0.007 (0.18XS)| B®] D-E © 


0.010 (0.25) MAX. R 
3 PLACES 


0.756 (19.20) 
0.750 (19.05) 
0.795 (20.19) 
0.785 (19.94) 


0.048 (1.22) 
0.042 (1.07) 


X45° 


0.756 (19.20) 
0.750 (19.05) 


“Looe 7 wa 
ee 


-B| 0.007 (0.18) ©| B©| 0-E © 
|_| 0.002 IN/ IN] B| 


ATTA 


fo.ec (1.52) MIN. 
PUREE CAE 
0.025 (0.64) MIN. 


0.120 (3.05) 


® 
0.032 (0.81) 


~ 0.026 (0.66) 


0.056 (1 0.056 (1.42) © , 
me 07) X45" 


Se =o 0.004 (0.10) 


0.045 (1.14) 
0.025 (0.64) 


68 PLACES 


0.180 (4.57) 
0.165 (4.19) 


| 
0.021 0.021 (0.53 53) BS 

1 2021059) _reToo7 01 @[DE OFS ©! 
cee Hoos CIS T-SS) 


0.690 (17.53) 


VV 


NOTES 


1. Package dimensions conform to JEDEC Specification MO-047-AD 
for Plastic Leaded Chip Carrier 52 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


A\ Datum plane “-H-” located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 


Location to datum “-A-” and “-B-” to be determined at plane “-H-”. These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010" (0.25mm) on any side. 


Ay Datum “D—E” and “F—G’” are determined where these center leads 
exit from the body at plane “-H-”. 


7. Pin numbers continue counterclockwise to Pin 52 (top view). 


8. Signetics order code for product packaged in a PLCC is the suffix 
“A” after the product number. 


Ay Applicable to packages with pedestal only. 


A See) 0.020 (0.5) MIN. 
0.005 (0.13) |CLEARANCE WO 
PEDESTAL 


SEATING | 


cma Wier aadatcoa ; A 
AN , 23640025) [Sloot 290 AO[ EO) 


0.358 (9.09) 
0.730 (18.54) ran 
Geos [| 0.015 (0.38) @] D-E © | 


ADV (Vv) YAINYVO dIHD GAGW31 DILSV 1d Nid-2S 


souljjno eabeyoed 


s9o1Aaq 91607 ajqewwesboig sonauBig—siojonpuooiwas sdiyiud 


Z66} judy 


Evil PO 386E0-€S8 


LSS 


0.995 (25.27) |} 0.007 (0.18X9)] AG] F-G © | 
0.985 (25.02) 
0.010 (0.25) MAX. R |B] 0.007 (0.18x)] B©| O-E ©. 
3 PLACES 
0.995 (25.27) 
0.958 (24.33 0.985 (25.02) NOTES 
SRE 1. Package dimensions conform to JEDEC Specification MO-047-AE 
for Plastic Leaded Chip Carrier 68 leads, 0.050 inch lead spacing, 
square. (Issue A, 10/31/84). 
2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 
3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
ZA Datum plane “-H-” located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 
Location to datum “-A-” and “-B-" to be determined at plane “-H-”. These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010” (0.25mm) on any side. 
0.048 (1.22) A Datum “D-E” and “F—G” are determined where these center leads 
0.042 (1.07) X45° 4 SIDES eee eee elrs® exit from the gad at plane -H-", 
pose e453) = [0.002 IN / IN 7. Pin numbers continue counterclockwise to Pin 68 (top view). 
0.950 (24.13) AN 8. Signetics order code for product packaged in a PLCC is the suffix 
0.007 10.18 O| “A” after the product number. 
| 0.007 (0.18) ©} BG] D-E © 
| |_| 0.002 IN/ IN| BI [occ (1.52) MIN. Ay Applicable to packages with pedestal only. 
|-A-| A er, aoe Location of Pin #1 mark is optional. Mark on chamfered side is 
0.025 (0.64) MIN. preferred. 
0.056 (1.42) 0.032 (0.81) 0.120 (3.05) A 0.015 (0.38) 
~ ~~ | 0.020 (0.5) MIN. 
0.042 in 07) * - 0.026 (0.66) 0.090 (2.29) . 0 006 0 5 a) Gets ‘ By i 
0.180 (4.57) CLEARANCE PEpES IAT 
L ( HH wy ee FPieo i fe 7 SEATING 
SE ANE Seely | |___ 0.001 0.021 (0.53 53) & 3 0.604 (15.34) PL 
0.013 (0.33) |B] 0.007 (0.18) ® ed (once 18)®@ 0.598 (15.19) 0.010 (0.25) O A@] BO] A\ 
0.930 (23.62) 0.930 (23.62) aS 
0.045 (1.14) 0.890 (22.61) ___ ppammarag) 015 (0.38)@| F-4 | 0.600 (2.61) [0.015 (0.38)@] D-E © | 
0.025 (0.64) 
68 PLACES 


Lav 


souljino abeyoed 


sadiAag 91607 ajqewwesboly sogauBig—siojonpuosiwas sdijiud 


3DvwNovVd (v) HAINYVO dIHD GAdV47 OILSV 1d Nid-89 


7661 judy 


1.195 (90.38) _ rare sor THO 
3 1185 (30.10) -€B-] 0.007 (0.18X5) F-G © 
8 0.010 (0.26) 
n MAX. R >| 
g 3 PLACES 
rs 
Oo 
1.158 (29.41) 
1,150 (29.21) 
1.195 (30.35) 
1.185 (30.10) 
0.048 (1.22) ® . 
0.042 (1.07) *45° 4 SIDES |B] 0.007 (0.18) ©| A@[ F-G © 
on 1.158 (29.41) [_{_]0.002 IN/ IN] Al 
= 1.150 (29.21) [-8 =| A 
ZY | 0.060 (1.52) MIN. 
® iene ses 
0.056 (1.42) 0.082 (0.81) 0.025 (0.64) MIN. 
| | 0.042 (1.07) 0.026 (0.66) } 
0.180 (4.57) 
MPEP EVVAURULVAULUAUAUAVAUL 0.165 (4.19) 
{| 0.004 (0.10)] SEATING 0.021 (0.53) 
~C- Bree 3013 10,33) LL L0.007 (0.18) @] O-E ©.F-G_© | 
0.013 10.33) |-<5-| 0.007 (0.18)@]| D-E®©,F-G © 
0.120 (3.05) 


1.130 (28.70) 0.090 (2.29) 
11200810 Fp Tons DHOL-SO. 

0.045 (1.14) 
0.025 (0.64) 


84 PLACES 


NOTES 
1. Package dimensions conform to JEDEC Specification MO-047-AF 
for Plastic Leaded Chip Carrier 84 leads, 0.050 inch lead spacing, 
square. (Issue A, 10/31/84). 
2. Controlling dimensions: inches. Metric dimensions in mm are 
’ shown in parentheses. 
3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
ZY Datum plane “-H-” located at the top of mold parting line and 
coincident with top of lead, where lead exits plastic body. 
Location to datum “-A-” and “-B-” to be determined at plane “-H-”. 
These datums do not include mold flash. Mold flash protrusion 
shall not exceed 0.010” (0.25mm) on any side. 
AB Datum “D-—E” and “F—G” are determined where these center leads 
exit from the body at plane “-H-”. 
7. Pin numbers continue counterclockwise to Pin 84 (top view). 
-8. Signetics order code for product packaged in a PLCC is the suffix 
“A” after the product number. 
Applicable to packages with pedestal only. 
Location of Pin #1 mark is optional. Mark on chamfered side is 


preferred. 
0.015 (0.38) 
0.020 (0.5) MIN. a 
eae to poe 
PEDEO CLEARANCE 
= PLANE 
rtrilao ceed co oro i-o oo 4 
| oy 0.704 (17.88) | EN 
0.698 (17.73) -B-[0.010 (0.25) O| A@| BO 
1.130 (28.70) __ 70.015 (0.38) ©) 


1.090 (27.69) 


OVA (Vv) HAIMHVO dIHO GIdVaT OILSW Id Nid-r8 


souljino ebeyoed 
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Package outlines 


Deluca CERDIP 


. Package dimensions conform to JEDEC 5. 


specifications for standard Ceramic Dual 
Inline (CERDIP) package. 


2. Controlling dimensions are givenininches 6. 


with dimensions in millimeters, mm, 
contained in parentheses. 


3. Dimensions and tolerancing per ANSI 
Y14.5M — 1982. 


4. Pin numbers start with pin #1 and 
continue counterclockwise when viewed 
from the top. 


CERAMIC DUAL IN-LINE PACKAGES 


NO. OF LEADS PACKAGE CODE DESCRIPTION 


These dimensions measured with the 
leads constrained to be perpendicular to 
plane T. 


Lead material: ASTM alloy F-30 (Alloy 42) 
or equivalent — tin plated or solder dipped. 


Body material: Ceramic with glass seal at 
leads. 


Thermal resistance values are determined 
by Temperature Sensitive Parameter 
(TSP) method. This method uses the 
forward voltage drop of a calibrated diode 


300mil-wide 
300mil-wide 


to measure the change in junction 
temperature due to a known power 
application. Test conditions for these 
values follow: 


Test Ambient—Still Air 
Test Fixture—6 j,—Textool ZIF 
socket with 
0.04” stand-off 
6 j-—Water cooled heat 
sink 


TYPICAL 05,/8jc VALUES (°C/W) 


600mil-wide 


20-PIN (300 mils wide) CERAMIC DUAL IN-LINE (F) PACKAGE 
20-PIN (300 mils wide) CERAMIC DUAL IN-LINE WITH QUARTZ WINDOW (FA) PACKAGE 


.078 (1.98) 


| teas 100 (2.54) BSC 


975 (24.73) 
940 (23.88) 


058 (1.47) 
| Tae (76) 


SEATING 
PLANE 


| | 023 (.58) 


015 (.38) 


853-0584 88099 
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Olt Te JoSf.or0 (254 


SEE NOTE 6 


078 (1.98) 


012 (30) 


306 (7.77) 
285 (7 24) 


NOTES: 

. Controlling dimension: inches. Millimeters are shown in 
parentheses. 

Dimensions and tolerancing per ANS! Y14.5M - 1982. 

a , 'D", and "E” are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the top. 


. Denotes window location for EPROM products. 


070 (1.78) 
050 (1.27) 


N75 (4. 45) 
145 (3.68) 


.200 (5.08) 
.165 (4.19) 


165 (4.19) 


020 (.51) 


015 (.38) 
O10 (.25) 


553 


320 (8.13) 


.290 (7.37) 
(NOTE 4) 


BSC 
.300 (7.62) 
(NOTE 4) 
.395 (10.03) 


"300 (7.62) 
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Package outlines 


24-PIN (300 mils wide) CERAMIC DUAL IN-LINE (F) PACKAGE 
24-PIN (300 mils wide) CERAMIC DUAL IN-LINE WITH QUARTZ WINDOW (FA) PACKAGE 


NOTES: 
096 (2.49) 098 (2.49) 1. Controlling dimension: inches. Millimeters are shown in 


-030 (.76) parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M.- 1982. 
3. ''T', "D", and "'E’ are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 
. These dimensions measured with the leads constrained 
.306 (7.77) to be perpendicular to plane T. 
285 (7.24) . Pin numbers start with pin #1 and continue 
: : counterclockwise to pin #24 when viewed from the top. 
. Denotes window location for EPROM products. 


Al bees .100 (2.54) BSC 


1.280 (32.51) 


1.240 (31.40) 
.070 (1.47) 320 (8.13) 


050 (.78) | | 290 | 
175 (4.45) pe 


.200 (5.08) 145 (3.68) if 


165 (4.19) 


165 (4.19) 
125 (3.18) 035 (.89) 


(020 (51) Ne 
.300 (7.62) 


(NOTE 4) 
023 023 (58) .015 (.38) 


ms errr - 395 (10. 
O15 (28) [TLE] @.010 (.254) M | 010 (25) (10.03) 


.300 (7.62) 


28-PIN (600 mils wide) CERAMIC DUAL IN-LINE (F) PACKAGE 
28-PIN (600 mils wide) CERAMIC DUAL IN-LINE WITH QUARTZ WINDOW (FA) PACKAGE 


SEE NOTE 6 : - sagt 


. Controlling dimension: inches. Millimeters are shown in 
parentheses. 
. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
"T", “D", and "'E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 
. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 
598 (15.19) . Pin numbers start with pin #1 and continue 
514 (13.06) counterclockwise to pin #28 when viewed from the top. 
. Denotes window location for EPROM products. 


i a -100(2.54)BSC 


1.485(37.72) 


1.440(36.58) 
.070{1.78) 175 (4.45) 620 (15.75) 


145 (3.68) 590 (14.99) 


.055 (1.40) 
.165 (4.19) wey eeey) 600 (15.24) | 
-125 (3.18) Be ose 4) 
015 (38) 
.023 (.58) 


: 010 (25) 
O15 (38) LIE [0 @] 010 (254) 685 (17.65) 


600 (15.24) 
853-0589 84000 
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Package outlines 


CERQUAD J-BEND WITH QUARTZ WINDOW 


NO. OF LEADS PACKAGE CODE DESCRIPTION 
68 930mil-wide 
1130mil-wide 
NOTE: 


1. Fordie size of 55K mils2, 1W power dissipation, soldered. 


TYPICAL 83,/8j;¢ VALUES (°C/W) 


44.5! TBD 
TBO TBD 


68-PIN CERQUAD J-BEND WITH QUARTZ WINDOW (KA) PACKAGE 


25.27 (995) 
25.02 (.985) 
ner Te nt at ee 
1.02 ( .040) X 45° [3] ae 
CHAMFER We COE, | ay eas 
‘ 0,73 + .08 (0.029 + .003 
51 (.02 
| ge | 
25.27 ( 995) [s} 


| 25.02 ( .985) 
45° TYP 4 PLACES 


24.51 ( .965) 


23.62 ( .930) 
1.52(0.060) REF 


LS BASE PLANE 
) PUNE SeAte® 
= 3x 0.63(.025) R MIN 4.83 ( .190) 


3.94 (.155) 
1.02 + .25 (.040 + .010) | “1 | PEE FOE) 


FIGURE 1. PRINCIPAL DIMENSIONS AND DATUMS mmi/(inch) 


DETAIL A 
TYP ALL SIDES mmi(inch) 
25.27 ( .995) 
25.02 ( .985) 


4.83 (".190) 
3.94 ( .155) 


0.25 ( .010) R MIN 


0.15 ( .006) MIN 


SEATING PLANE 


20.32 ( .800) 
NOMINAL. 


' 076 ( .003) MIN 


| SEE DETAIL A 
11.94 (.470) | 11.94 (470) 

—— pe 

11.18(.440) 11.18 (.440) 


SEE DETAIL B 


.508 ( .020) R MIN 
DETAIL B mmi(inch) 


0.25 ( .010) 
0.15 ( .006) 


FIGURE 2. TERMINAL DETAILS mm/(inch) 


1. ALL DIMENSIONS AND TOLERANCES TO CONFORM TO ANSI Y14.5-1982. 
[2.] UV WINDOW IS OPTIONAL. 


DIMENSIONS DO NOT INCLUDE GLASS PROTRUSION. GLASS PROTRUSION 
TO BE 0.005 INCHES MAX ON EACH SIDE. 


4. CONTROLLING DIMENSION MILLIMETERS. 


ALL DIMENSIONS AND TOLERANCES INCLUDE LEAD TRIM OFFSET AND 
LEAD PLATING FINISH. 


BACKSIDE SOLDER RELIEF IS OPTIONAL AND DIMENSIONS ARE FOR 
853-1473 00441 REFERENCE ONLY. KC1 
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bv0e0 1SSi-€se 


ta» 


30.35 (1.195) 
30.10 (1.185) 


29.59 (1.165) 
28.70 (1.130) 


30.35 (1.195) 
30.10 (1.185) 


1.02 (0.040) X 45° 
CHAMFER 45 


7 3x 0.63 (0.025) R MIN 29.59 (1.165) a 
28.70 (1.130) 


4,83 (0.190) 
3.94 (0.155) 


30.35 (1.195) 
30.10 (1.185) 


eae | 


§ 
SEE DETAIL B 


SEE DETAILA 


a 


a a8 


14.48 (0.570) 


14.48 (0.570) 
13.72 (0.540) 


13.72 (0.540) 


SEATING 
PLANE 


3.05 (0.120) 
2.29 (0.090) 


0.38 oy 5) 1. 


NOTES: 


0.51 (0.02) X 45° 


plating finish. 


ity 


| 


reference only. 


1.27 (0.050) TYP. 


4.83 (0.190) 0.73+ 0.08 (0.029+0.003) 


3.94 (0.155) 
SEATING PLANE aoe ienia Rule 
1.52 (0.060) REF 45° TYP4PLACES 0:15 (0.006) MIN: 


= BASE PLANE 


1.02+ 0.25 (0.040 +0.010) 


SEATING ees 
0.482 (0.019+ 0.002) 
DETAIL A 
TYP. ALL SIDES 
mirv{inch) 


[2] UV window is optional. 


Dimensions do not include glass protrusion. Glass protrusion to 
be 0.005 inches max. on each side. 


0.25 (0.010) 


~ 0.15 (0.006) 


DETAIL 8 
mrmv(inch) 


All dimensions and tolerances to conform to ANSI Y14.5-1982. 


4. Controlling dimension millimeters (inches shown in parentheses). 


5. All dimensions and tolerances include lead trim offset and lead 


[6] '6.| Backside solder relief is optional and dimensions are for | 


7. Pin numbers start with Pin #1 and continue counterclockwise 
to Pin #84 when viewed from the top. 


aa 


0.508 (0.020) R MIN. 


0.076 (0.003) MIN. 


3DVNIVd (Vy) MOGNIM ZLYVND HLIM GN3a-f GVNOY3Z Nid-v8 


souljino abeyoed 
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PLASTIC DIP 

1. Package dimensions conform to JEDEC 
specification MS—001-AA for standard 
Plastic Dual Inline (DIP) package. 


N 


Controlling dimensions are given in inches 
with dimensions in millimeters, mm, 
contained in parentheses. 


3. Dimensions and tolerancing per ANSI 
Y14.5M — 1982. 


4. “T", “D" and “E” are reference datums on 
the molded body and do not include mold 
flash or protrusions. Mold flash or 
protrusions shall not exceed 0.01 inch 
(0.25mm) on any side. 


PLASTIC DUAL IN-LINE PACKAGES 


NO. OF LEADS PACKAGE CODE 


20 
24 
28 
28 


April 1992 


. These dimensions measured with the 


leads constrained to be perpendicular to 
plane T. 


. Pin numbers start with pin #1 and 


continue counterclockwise when viewed 
from the top. 


. Lead material: Olin 194 (Copper Alloy) or 


equivalent, solder dipped. 


. Body material: Plastic (Epoxy). 


. Thermal resistance values are determined 


by Temperature Sensitive Parameter 
(TSP) method. This method uses the 


DESCRIPTION 


Cu. Lead Frame 
300mil-wide 


Cu. Lead Frame 
300mil-wide 


Cu. Lead Frame 
600mil-wide 


Cu. Lead Frame 
300mil-wide 


557 


TYPICAL 04,/0j¢ VALUES (°C/W) 


forward voltage drop of a calibrated diode 
to measure the change in junction 
temperature due to a known power 
application. Test conditions for these 
values are: 


Test Ambient—Still Air 
Test Fixture— 6),— Textool ZIF 
socket with 
0.04” stand-off 
6 jc— Water cooled heat 
sink 
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VIN 


Ho G].004 (010) om | 
1. Controlling dimension: Inches. Metric are shown in parentheses. 


2. Package dimensions conform to JEDEC Specification MS-001-AE 
for standard Dual In-Line (DIP) package 0.300 inch row spacing 
(plastic) 20 leads (Issue B, 7/85). 


0.255 (6.48) 3. Dimension and tolerancing per ANSI Y14, 5M — 1982. 


0.245 (6.22 ; 
ae . “T",“D’, and “E” are reference datums on the molded body and 


do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0:010 inch (0.25mm) on any side. 


5. These dimensions measured with the leads constrained to be 
perpendicular to plane T. . 


= 


eel 0.100 (2.54) BSC 


6. Pin numbers start with Pin #1 and continue counterclockwise to 


1.057 (26.85 
(26.85) Pin #20 when viewed from the top. 


1.045 (26.54) 


0.064 (1.63) 0.320 13 
0.045 (1.14) “NOT  §) 


0.160 (4.06) 0.135 (3.43) 
0.135 (3.43) 0.115 (2.92) 
— 0.035 (0.89) \ 
0.020 (0.51) \ 
BSC | 
0.138 (3.51) ~<— 0.300 (7.62) > 
0.120 (3.05) (NOTE 5) 
sor pay TOLt | [0 G[o.010 0258 0.015 (0:38) 0295 100m 
0.010 (0.25) 0.300 ( 7.62) 


souljjino ebeyoeY 
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Blo O]o004 610) 
NOTES: 


! 1. Controlling dimension: Inches. Metric are shown in parentheses. 


2. Package dimensions conform to JEDEC Specification MS-001-AF 
for standard Dual In-Line (DIP) package 0.300 inch row spacing 


® (plastic) 24 leads (Issue B, 7/85). 
0.265 (6.73) 


0.255 (6.48) 3. Dimension and tolerancing per ANSI Y14, 5M— 1982. 


4. “T",“D", and “E” are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 


5. These dimensions measured with the leads constrained to be 
perpendicular to plane T. 


1.256 (31.90) 


71.240 (31.50) 6. Pin numbers start with Pin #1 and continue counterclockwise to 


Pin #24 when viewed from the top. 


0.064 (1.63) 0.320 erie 


0.045 (1.14 0.300 (7.62 
ony NOTE 5) 


® 0.155 (3.94) 


0.185 (4.70)8 
0.189 (4.70) 0.145 (3.68) 


oa 0.160 (4.06) 
SEATING 
® 0.030 (0.76) | \ 
0.015 (0.38) y 
0.138 (3.51) be— 9.300 1762)—e} | 
0.120 (3.05) (NOTE 5) 
0.022 (0.56) 0.015 (0.38) 0.395 (10.03) 
0.017 (0.43) PIT LE [0 O[0.010(0.25)@ 0.010 (0.25) 0.300 ( 7.62) 


‘NN 


souljjyno abeyoed 
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NOTES: 
1. Controlling dimension: Inches. Metric are shown in parentheses. 


2. Package dimensions conform to JEDEC Specification MS-011-AB 
for standard Dual In-Line (DIP) package 0.600 inch row spacing 
| 0,560 (14.22) (plastic) 28 leads (issue B, 7/84). 


3. Dimension and tolerancing per ANSI Y14, 5M — 1982. 


4. “T",“D", and “E” are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 


5. These dimensions measured with the leads constrained to be 
perpendicular to plane T. 


1.460 (37.08) 6. Pin numbers start with Pin #1 and continue counterclockwise to 
1.415 (35.94) Pin #28 when viewed from the top. 


® 
0.620 (15.75) 
0.600 (15.24) 


0.064 (1.63) 


0.045 (1.14) 
! 0.020 (0.51) ; 
0.600 (15.24) BSC 


AAA 
6 ae 


0.022 (0.56) p> 0.015 (0.38) , 


0.200 (5.08) 0.155 (3.94) 
0.165 (4.19) 0.145 (3.68) 


1 


i 
PLANE 


EON 


souljino ebeyoed 
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NOTES: 


1. Controlling dimension: Inches. Metric are 
ee 20 eae shown in parentheses. 


2. Dimension and tolerancing per ANSI Y14, 
5M — 1982. 


3. “T°, "D", and “E” are reference datums on the 
molded body and do not include mold flash or 
0. mi (6.60) protrusions which shall not exceed 0.010 inch 
0.245 “) 22) (0.25mm) on any side. 


These dimensions measured with the leads 
constrained to be perpendicular to plane “T”. 


ies 


5. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin#28 when viewed 


0.100 (2.54) BSC from the top. 
1.460 (37.08) 
1.415 (35.94) 
0.064 (1.63) 0.320 (8.13) 
0.045 (1.14) oe 782) 
0.155 (3.94) 


0.145 (3.68) 


0.138 (3.51) be— 0,300 (7.62 
al | 0.120 (3.05) aaa) | 
0.022 (0.56) FO] T | [0 ©0010 0.25) 0.015 (0.38) 0.395 (10.03) 


0.017 (0.43) 0.010 (0.25) 0.300 ( 7.62) 
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Sales Offices, Representatives and Distributors 


SIGNETICS 
HEADQUARTERS 

811 East Arques Avenue 
P.O. Box 3409 

Sunnyvale, CA 94088-3409 
ALABAMA 


Huntsville 
Phone: (205) 464-0111 


CALIFORNIA 
Calabasas 

Phone: (818) 880-6304 
Irvine 

Phone: (714) 833-8980 

(714) 752-2780 

San Diego 
Phone: (619) 560-0242 
Sunnyvale 

Phone: (408) 991-3737 


COLORADO 
Englewood 
hone: (303) 792-9011 


GEORGIA 
Atlanta 
Phone: (404) 594-1392 


ILLINOIS 
Itasca 
Phone: (708) 250-0050 
INDIANA 
Kokomo 
Phone: (317) 459-5355 


Hartel 
Westfor 
ified (508) 692-6211 


MICHIGAN 
Novi 
Phone: (313) 347-1400 


NEW JERSEY 
Toms River 
Phone: (908) 505-1200 


NEW YORK 
st 2 all Falls 
hone: (914) 297-4074 


OHIO 
Columbus 
Phone: (614) 888-7143 


OREGON 
Beaverton 
Phone: (503) 627-0110 


PENNSYLVANIA 
Plymouth Meeting 
Phone: (215) 825-4404 


TENNESSEE 


Greeneville 
Phone: (615) 639-0251 
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TEXAS 


Austin 
Phone: (512) 339-9945 


Richardson — 
Phone: (214) 644-1610 


CANADA 


SIGNETICS CANADA, LTD. 


Etobicoke, Ontario 
Phone: (416) 626-6676 


Nepean, Ontario 
hone: (613) 225-5467 


REPRESENTATIVES 


ALABAMA 
Huntsville 
Elcom, Inc. 
Phone: (205) 830-4001 


ARIZONA 

Scottsdale 
Thom Luke Sales, Inc. 
Phone: (602) 541-5400 


CALIFORNIA 
Orangevale 
Webster Associates 
Phone: (916) 989-0843 


San Jose 
B.A.E. Sales, Inc. 
Phone: (408) 452- 8133 


COLORADO 
Englewood 
Thom Luke Sales, Inc. 
Phone: (303) 649-9717 


CONNECTICUT 
Wallingford 

JEBCO 

Phone: (203) 265-1318 


FLORIDA 

Oviedo 
Conley and Assoc., Inc. 
Phone: (407) 365-3283 


GEORGIA 

Norcross 
Elcom, Inc. 
Phone: (404) 447-8200 


ILLINOIS 

Hoffman Estates 
Micro-Tex, Inc. 
Phone: (708) 765-3000 


INDIANA 

Indianapolis — 
Mohrfield Marketing, Inc. 
Phone: (317) 546-6969 


IOWA 
Cedar Rapids 
J.R. Sales 
Phone: (319) 393-2232 


MARYLAND 

Columbia 
Third Wave Solutions, Inc. 
Phone: (301) 290-5990 


MASSACHUSETTS 
Chelmsford 

JEBCO 

Phone: (508) 256-5800 


MICHIGAN 
Brighton 
AP Associates 
Phone: (313) 229-6550 


MINNESOTA 

Eden Prairie 
High Technology Sales 
Phone: (612) 944-7274 


MISSOURI 
Bridgeton 
Centech, Inc. 
Phone: (314) 291-4230 


Raytown 
Centech, Inc. 
Phone: (816) 358-8100 


NEW YORK 

Ithaca 
Bob Dean, Inc. 
Phone: (607) 257-1111 


Rockville Centre 
S-J Associates 
Phone: (516) 536-4242 


Sta ers Falls 
ean, Inc. 
Phone: (91 4) 297-6406 


NORTH CAROLINA 
Matthews 

ADI, Inc. 

Phone: (704) 847-4323 


Smithfield 

ADI, Inc. 

Phone: (919) 934-8136 
OHIO 
Aurora 


InterActive Technical Sales, Inc. 


Phone: (216) 562-2050 
Dayton 


nterActive Technical Sales, Inc. 


Phone: (513) 436-2230 
Dublin 


InterActive Technical Sales, Inc. 


Phone: (614) 792-5900 
OREGON 


Beaverton 
Western Technical Sales 
Phone: (503) 644-8860 
PENNSYLVANIA 
Hatboro 


Delta Technical Sales, Inc. 
Phone: (215) 957-0600 
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TEXAS 
Austin 
Synergistic Sales, Inc. 
Phone: (512) 346-2122 
Houston 
Synergistic Sales, Inc. 
Phone: (713) 937-1990 
Richardson 
Synergistic Sales, Inc. 
Phone: (214) 644-3500 


UTAH 

Salt Lake City 
Electrodyne 
Phone: (801) 264-8050 


WASHINGTON 
Bellevue 
Western Technical Sales 
Phone: (206) 641-3900 
Spokane 
Western Technical Sales 
~ Phone: (509) 922-7600 


WISCONSIN 
Waukesha 

Micro- Tex, Inc. 

Phone: (414) 542-5352 


CANADA 
Calgary, Alberta 
ech-Trek, Ltd. 
Phone: (403) 241-1719 
Mississauga, Ontario 
Tech-Trek, Ltd. 
Phone: (416) 238-0366 
Nepean, Ontario 
ech-Trek, Ltd. 
Phone: (613) 225-5161 
Richmond, B.C. 
Tech-Trek, Ltd. 
Phone: (604) 276-8735 
Ville St. Laurent, Quebec 
Tech-Trek, Lt d. 
Phone: (514) 337-7540 


PUERTO RICO 
Santurce 

Mectron Grou 

Phone: (809) 723-6165 


DISTRIBUTORS 


Contact one of our 

local distributors: 
Almac/Arrow Electronics 
Anthem Electronics 
Arrow/Schweber Electronics 
Falcon Electronics, Inc. 
Gerber Electronics 
Hamilton/Avnet Electronics 
Marshall Industries 
Wyle/EMG 

Zentronics, Ltd. 
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Appendix A 


INTRODUCTION 

Our data handbook system comprises more than 65 books 
with subjects including electronic components, 
subassemblies and magnetic products. The handbooks are 
classified into seven series: 


INTEGRATED CIRCUITS; 
DISCRETE SEMICONDUCTORS; 
DISPLAY COMPONENTS; 
PASSIVE COMPONENTS; 
PROFESSIONAL COMPONENTS; 
MAGNETIC PRODUCTS; 

LIQUID CRYSTAL DISPLAYS. 


Data handbooks contain all pertinent data available at the 
time of publication and each is revised and reissued 
regularly. 


Loose data sheets are sent to subscribers to keep them 
up-to-date on additions or alterations made during the 
lifetime of a data handbook. 


Catalogs are available for selected product anges (some 
catalogs are also on floppy discs). 


For more information about data handbooks, catalogs and 
subscriptions, contact one of the organizations listed on the 
back cover of this handbook. Product specialists are at your 
service and inquiries are answered promptly. 


INTEGRATED CIRCUITS 


ICO1 Radio, Audio and Associated Systems 
Bipolar, MOS 


ICO02a%_ Video and Associated Systems 
Bipolar, MOS 


ICO3 ICs for Telecom 
Subscriber Sets, Cordless, Mobile and Cellular 
Telephones, Radio Pagers 


IC04 HE4000B Logic Family 
CMOS 


ICO5 Advanced Low-power Schottky (ALS) Logic 
Series 


IC06 High-speed CMOS; 74HC/HCT/HCU Logic Family 
ICO7 Advanced CMOS Logic (ACL) 

ICO8 10/100k ECL Logic/Memory/PLD 

ICO9 TTL Logic Series 


INTEGRATED CIRCUITS (continued) 


IC10 Memories 
MOS, TTL, ECL 


IC11 Linear Products 

C12 |2?C-bus-compatible ICs 

IC13 Programmable Logic Devices 

IC14 8048-Based 8-Bit Microcontrollers 

IC15 FAST TTL Logic Series 

IC15 supplement: Additional FAST Data 

IC16 CMOS Integrated Circuits for Clocks and Watches 
IC17 ICs for Telecom 


ISDN 
IC18 Microprocessors and Peripherals 
IC19 Data Communication Products 


IC20 80C51-Based 8-Bit Microcontrollers 
IC23 Advanced BiCMOS Interface Logic 


DISCRETE SEMICONDUCTORS 
SCo1 Diodes 

$C02 Power Diodes 

$C03 Thyristors and Triacs 
SC04 Small Signal Transistors 


SC05 Low-frequency Power Transistors and Hybrid IC 
Power Modules 


SC06 High-voltage and Switching Power Transistors 
$C07 Small-signal Field-effect Transistors 
SCO8a__—sRF Power Bipolar Transistors 

SCO8b RF Power MOS Transistors 

SCco9g RF Power Modules 

$C10 Surface Mounted Semiconductors 

$C12 Optocouplers 

$C13 Power MOS Transistors 


$C14 Wideband Transistors and Wideband Hybrid IC 
Modules 


SC15 Microwave Transistors 


SC17 Semiconductor Sensors 
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DISPLAY COMPONENTS 


DCO1 


Colour Display Components 
Colour TV Picture Tubes and Assemblies 
Color Monitor Tube Assemblies 


DC02 Monochrome Monitor Tubes and Deflection Units 

DC03 Television Tuners, Coaxial Aerial Input 
Assemblies 

DC04 Loudspeakers 

DCO5 Flyback Transformers, Mains Transformers and 
General-purpose FXC Assemblies 

PASSIVE COMPONENTS 

PAO1 Electrolytic Capacitors; Solid and Non-solid 

PA02 Varistors, Thermistors and Sensors 

PAO3 Potentiometers and Switches 

PA04 Variable Capacitors 

PAOS Film Capacitors 

PAO6 Ceramic Capacitors 

PAO7 Piezoelectric Quartz Devices 

PAO8& Fixed Resistors 

PA11 Quartz Oscillators 


PROFESSIONAL COMPONENTS. 

PCO1 High-power Klystrons and Accessories 
PC02 Cathode-ray Tubes 

PC03 Geiger-Muller Tubes 

PC04 Photo Multipliers 

PCO5 Plumbicon Camera Tubes and Accessories 
PC0O6 Circulators and Isolators 


PCO7 Vidicon and Newvicon Camera Tubes and 
Deflection Units 


PCO8 Image Intensifiers 
PCO9 Dry-reed Switches 
PC11 Solid-state Image Sensors and Peripheral 


Integrated Circuits 
PC12 Electron Multipliers 


MAGNETIC PRODUCTS 
MAO1 Soft Ferrites 
MA02 Permanent Magnet Materials 


MA03 Piezoelectric Ceramics 


LIQUID CRYSTAL DISPLAYS 


LCDO1 —_ Liquid Crystal Displays and Driver ICs for LCDs 


Philips Semiconductors — a worldwide company 
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INTEGRATED CIRCUITS, 1 Eva Road, Suite 411, 
ETOBICOKE, Ontario, M9C 425, Tel. (416) 626-6676 
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Tel. (02) 0773816 
Colombia: Carrera 21 No. 56-17, BOGOTA, D.E., P.O. Box 77621, 
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Tel. (0)-4245 121, Fax. (0) 480 6960 
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Tel. (021) 517995 
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Tel. (01) 693355, Fax. (01)697856 
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Tel. (02) 6752 264, Fax. (02) 6752 2642 
Japan: Philips Bidg. 13-37, Kohnan 2-chome, Minato-ku, TOKYO 108, 
Tel, (03) 813-3740-5101, Fax. (03) 813 3740 0570 
Korea (Republic of): Philips House, 260-199 ltaewon-dong, 
Yongsan-ku, SEOUL, Tel, (02) 794-5011, Fax. (02) 798-80 
Malaysia: 3 Jalan SS15/2A SUBANG, 47500 PETALING JAYA, 
Tel. (03) 7345511, Fax. (03) 7345494 
Mexico: Paseo Triunfo de ja Republica, No 215 Local 5, Cd Juarez 
CHI HUA HUA 32340, Tel. (16) 18-67-01/02 
Netherlands: Postbus 90050, 5600 PB EINDHOVEN, 
Tel. (040) 78 3749, Fax, (040)78 8399 
New Zealand: 2 Wagener Place, C.P.0. Box 1041, AUCKLAND, 
Tel. (09) 894-160, Fax. (09) 897-811 
Norway: Box 1, Manglerud 0612, OSLO, 
Tel. (02) 74 10 10 
Pakistan: Philips Markaz, M.A. Jinnah Rd., KARACHI-3, 
Tel. (021) 725772 
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Peru: Carretera Central 6.500, LIMA 3, Apartado 5612, 
Tel. 51-14-350059 


Philippines: PHILIPS SEMICONDUCTORS PHILIPPINES Inc., 
106 Valero St. Salcedo Village, P.O. Box 911, MAKATI, 
Metro MANILA, Tel. (63-2) 810-0161, Fax. (63-2) 8173474 

: Av. Eng. Duarte Pacheco 6, 1009 LISBOA Codex, 
Tel. (019) 68 31 21, Fax. (019) 658013 
Singapore: Lorong 1, Toa Payoh, SINGAPORE 1231, 
Tel. 35 02 000, Fax. 25 16500 

South Africa: 195-215 Main Road, JOHANNESBURG 2000, 
P.O. Box 7430, Tel. (011) 889 3911. Fax. (011) 889 3191 

Spain: Balmes 22, 08007 BARCELONA, 

Tel. (03) 301 6312. Fax. (03) 301 4243 
Sweden: Tegeluddsvagen 1, S-11584 STOCKHOLM, 
Tel. (0)8-7821000, Fax. (0)8-6603201 

Switzerland: Allmendstrasse 140-142, CH-8027 ZURICH, 
Tel. (01) 488 2211, Fax. (01) 482 8595 

Taiwan: 581 Min Sheng East Road, P.O. Box 22978, TAIPEI 10446, 
Tel. 886-2-509 7666, Fax. 886 2 500 5899 

Thailand: 283 Silom Road, P.O. Box 961, BANGKOK, 

Tel. (02) 233-6330-9 

Turkey: Talatpasa Cad. No. 5, 80640 LEVENT/STANBUL, 
Tel. (01) 179 2770, Fax. (01) 169 3094 

United Kingdom: Philios Semiconcutors Limited, P.O. Box 65, 
Philips House, Torrington Place, LONDON WC1E 7HD, 

Tel. (071) 436 4144, Fax. (071) 323.0342 

United States: INTEGRATED CIRCUITS, SIGNETICS COMPANY, 
811 East Arques Avenue, SUNNYVALE, CA 94088-3409, 
Tel. (800) 227-1817, Ext. 900, Fax. (408) 991-3581 
DISCRETE SEMICONDUCTORS, 2001 West Blue Heron Bivd., 
P.O. Box 10330, RIVIERA BEACH, FLORIDA 33404, 

Tel. (407) 881-3200, Fax. (407) 881-3300 

Uruguay: Coronel Mora 433, MONTEVIDEO, 
Tel. (02) 70-4044 

Venezuela: Calle 6, Ed. Las Tres Jotas, CARACAS 1074A, 
App. Post. 78117, Tel. (02) 241 7509 

Zimbabwe: 62 Mutare Road, HARARE, P.O. Box 994, 

Tel. 47211 


For all other countries apply to: Philips Semiconductors, 
International Marketing and Sales, Building BAF-1, 

P.O. Box 218, 5600 MD EINDHOVEN, The Netherlands, 
Telex 35000 phtcni, Fax +31-40-724825 
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